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Weed Ecology: Implications for Vege¬ 
tation Management, is the first book 
dealing specifically with weeds as a 
biologically important class of vegeta¬ 
tion. Weed Ecology defines the con¬ 
cept of a weed in biological and 
ecological terms, and concentrates 
on the crop and weed responses 
caused by environmental change 
rather than the tools used to manipu¬ 
late vegetation. While most texts treat 
only methods of weed control or the 
taxonomic identification of weedy spe¬ 
cies, Weed Ecology develops the 
underlying principles for weed man¬ 
agement from studies of the adapta¬ 
tions of weeds to their environment 
and to other plants. 

In addition to the negative aspects of 
weeds, it develops several sections on 
the potentially positive contributions of 
weedy vegetation, examines the rela¬ 
tive merits of major approaches used 
to study weed and crop interference, 
and treats weed-crop competition 
from resource limitation and physio¬ 
logical viewpoints. 

Weed Ecology: Implications for Vege¬ 
tation Management is suitable as both 
a text and reference. Advanced under¬ 
graduate and graduate students will 
use it in weed science courses. Pro¬ 
fessionals in the weed science or pest 
management field will find it an invalu¬ 
able reference for research and devel¬ 
opment of weed management in 
croplands. 
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Preface 


In one of the earliest texts on weed control A. S. Crafts begins by stating, In 
the beginning there were no weeds.” We are sure that what Dr. Crafts 
meant was, “even though plants have existed for a long time, weeds did not 
exist before humankind. Weeds, as a category of vegetation, seem to have 
been created because of the human ability to judge and select among the 
various species of the plant kingdom. Thus weeds are now recognized as an 
important economic class of pests that have impact on worldwide crop pro¬ 
duction. However, this anthropomorphic view of weeds generally gives us 
little insight into the biological behavior of weeds or of the interactions that 
occur so markedly among weed and crop species. In this text the focus is on 
these interactive features of weeds, especially as they occur in cropping 
systems. By considering weeds foremost as plants and by relying heavily on 
the concepts of plant ecology, we hope to provide a better understanding of 
the vegetation for which our discipline is named. Perhaps with a better 
understanding of weeds, better weed and crop management also can result. 

For the last 30 or more years the technology of weed control has made 
tremendous advances. New and powerful tools have become available for 
weed control during this time. Herbicides are the most notable example 
of this advance in technology, but other advances, especially in mechan¬ 
ical weed removal, have also occurred. In this text we chose to concentrate 
on the crop and weed responses caused by environmental change rather 
than the tools used to manipulate vegetation. This may be viewed as an 
omission by some. However, it is our belief that plants respond to environ¬ 
mental alteration in a predictable manner regardless of how the change in 
environment occurred. We also believe that one of the next important ad¬ 
vances in weed science will be understanding and integrating the demo- 


v 


CARSON UBRARY/LSfl} 6 8724 

BANNER ELK. H. C. 28604 


VI 


PREFACE 


graphic, physiological, and morphological responses that occur as plants 
interact with their environment and each other. 

From the beginning it was quite apparent that we probably would learn 
more than the reader from this project. In this respect we have been and still 
are students. Therefore, we are most grateful to J. L. Harper, J. P. Grime, 
M. G. Barbour, and E. J. Salisbury. Their works have provided the insight 
and ecological scaffold on which much of this book was based. The individual 
efforts of numerous other authors also are acknowledged, for their research 
provided the specific examples used in this text. 

Several people graciously reviewed portions of this book as it was being 
prepared. We appreciate the efforts of A. P. Appleby, M. G. Barbour, E. P. 
Flint, L. W. Mitich, R. F. Norris, D. L. Patterson, and A. R. Putnam in this 
respect. All the figures on the following pages were drawn by L. J. 
Radosevich. In addition to her talent, she provided much of the enthusiasm 
and encouragement necessary to complete this project. 

As you begin the text, we ask that you consider these words by Emerson: 

But these young scholars, who invade our hills. 

And travelling often in the cut he makes, 

Love not the flower they pluck, and know it not, 

And all their botany is Latin names. 


Davis, California 
Riverside, California 
April 1984 


Steven R. Radosevich 
Jodie S. Holt 
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Weed Ecology 


Chapter One 

Introduction 


A weed is often called a plant out of place. Weeds are plants growing where 
they are not desired. For this reason, the major interest in weeds for many of 
us is how to get rid of them. Indeed, a whole field of science has developed 
with the effective and economical control of weeds as its major goal. Numer¬ 
ous texts and journal articles have been written that attempt to detail this 
surprisingly complicated and important science. 

If we think about it, we realize that weeds represent a highly successful 
and biologically important component of their environments, which include 
arable land, forests, rangeland, and aquatic habitats. This success of weeds is 
especially remarkable in view of all the effort directed toward their destruc¬ 
tion. This very success warrants greater attention. Can we continue to deal 
with weeds effectively without accounting for their success? By understand¬ 
ing the nature of weeds, perhaps we can learn how to reduce their effect on 
our crops. By analyzing the way crops, weeds, and environment interact, 
perhaps it will be possible to grow more food in our fields and trees in our 
forests. We also might save ourselves some effort along the way. 


ANTHROPOMORPHIC CHARACTERISTICS OF WEEDS 

The above definition, a plant growing where it is not desired, by its very 
nature imparts a human value to the idea of weediness. Who determines that 
the plant is out of place? Such an evaluation depends on the viewer, not on 
the plant. A plant growing in a cereal field or pasture may be a weed to the 
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Table 1.1 Definitions and Descriptions of Weeds 

Growing in an undesirable location. A plant growing where it is not desired (Ter¬ 
minology Committee of the Weed Science Society of America, 1956). 

Competitive and aggressive behavior. A plant that grows so luxuriantly or plentifully 
that it chokes out all other plants that possess more valuable properties (Brenehley, 
1920). 

Persistence and resistance to control. The predominance and pertinacity of weeds 
(Gray, 1879). 

Useless, unwanted, undesirable. A plant not wanted and therefore to be destroyed 
(Bailey, 1941). A plant whose virtues have not yet been discovered (Emerson, 1878). 
Appearing without being sown or cultivated. Any plant other than the crop sown 
(Brenehley, 1920). A plant that grows spontaneously in a habitat greatly modified by 
human action (Harper, 1944). 

Unsightly. A very unsightly plant of wild growth, often found in land that has been 
cultivated (Thomas, 1956). 

Source: Adapted from King (1966). 


farmer but it also may be a wildflower to some, or a source of wildlife cover 
to others. Often the value of a weed is determined simply by how the viewer 
perceives it. Table 1.1 lists characteristics most often used to describe weedy 
vegetation. Most of the characteristics are based on some perceived human 
value such as aggressiveness, harmfulness, or undesirability. In this respect, 
weeds appear to be somewhat like the criminal element in human society. 
As E. J. Salisbury (1961) suggests, “When not engaged in their nefarious 
activities both may have admirable qualities; a thief may be an affectionate 
husband and father outside business hours, while an aggressive weed in one 
environment may be a delightful wildflower in another.” This anthropic 
aspect is inherent in all the weedy characteristics described in Table 1.1. But 
if we accept only this point of view, weeds are much less a botanical 
classification than a human psychological category of the plant kingdom. As 
King (1966) has said, “Surely a weed must be more than just a plant which in 
a particular place and at a particular time arouses human dislike.” 

Weeds have established themselves worldwide as highly efficient and 
successful organisms in their environments. What is the ecological signifi¬ 
cance of weedy vegetation? Are there morphological and physiological traits 
that weeds possess in common that other vegetation does not? Are the same 
weeds of importance around the world or are they restricted to local condi¬ 
tions and agricultural practices? These are some of the questions we hope to 
address in the following pages of this text. 
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WORLDWIDE DISTRIBUTION AND IMPORTANCE OF WEEDS 

Of approximately 200,000 or more plant species in the world, only about 
250 species are sufficiently troublesome universally to be called weeds. That 
is only about 0.1% of the worldwide taxa. This fact does not preclude, of 
course, the relative importance of many other species on a much more local 
basis. Holm (1978) lists the taxonomic distribution of these 250 species by 
family, the most important of which are shown in Table 1.2. We find that 
surprisingly few families make up the majority of the world s weed prob¬ 
lems. About 70% of these weed species fall only into 12 families. Nearly 40% 
are in two families, the Gramineae and Compositae. What does it mean that 
so many of the species we call weeds are so closely related? 

Is there a kinship between our weeds and our crops? In Table 1.3 we see 
the crops that man harvests in greatest quantity. These 12 crops provide 75% 
of the world’s food supply. They occur in only five families, and those five 
supply us with many of our weeds. This suggests that certain crops and 
weeds share some taxonomic characteristics and perhaps a common evolu¬ 
tion or origin. 


CROP MIMICS 

It is well documented that some weeds and crops seem to grow in con¬ 
junction with one another. For example, barnyardgrass (Echinochloa cvus- 
g alii) occurs wherever rice is grown and is a weed of major importance in 
that crop (Figure 1.1). Wild oat (Avena fatua) is considered to be a nearly 
cosmopolitan weed wherever cereal crops occur (Figure 1.1). In Europe, 
large-seeded false flax (Camelina sativa ) apparently has evolved several 
ecotypes that are closely associated with flax production. In such cases, 
these crops and associated, or satellite, weeds may have evolved together 
under similar cultural practices or environments so that growth and repro¬ 
duction of the weed matches the life cycle of the crop. 

One of the finest examples of crop mimicry involves weeds associated 
with flax. Baker (1974) suggests that this may be because flax is one of the 
oldest useful plants grown as a crop in Eurasia. In open-grown situations 
Camelina sativa var. sativa is a generalized annual plant with a wide branch¬ 
ing growth habit. When found with flax, however, this weed takes on a 
taller, less branched form which resembles a flax plant. In some areas where 
flax cultivation is very intensive, C. sativa var. sativa is replaced by another 
ecotype, C. sativa var. linicola, which is even more specialized. In the 
variety linicola, the life cycles of the weed and flax are so closely aligned that 
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Table 1.2 Important Plant Families which 

Comprise the World's Worst Weeds 


Family 

Number of Species 

Gramineae 

44 

> 

■37% 



Compositae 

32 

•43% 


Cyperaceae 

12 




Polygonaceae 

8 




Amaranthaceae 

7 




Cruciferae 

7 



•68% 

Leguminosae 

6 




Convolvulaceae 

5 




Euphorbiaceae 

5 




Chenopodiaceae 

4 




Malvaceae 

4 




Solanaceae 

4 


J 



Source: Adapted from Holm (1978). 


the weed is always harvested with the crop. As in flax, the fruits resist 
shattering at harvest and the seeds so closely resemble flax seeds that they 
cannot be separated readily by winnowing. Thus seeds of both plants are 
often sown together. In his review of this subject. Baker (1974) indicates that 
C. sativa var. linicola undoubtedly evolved from var. sativa, and that crop 
mimicry in this case seems to be genetically fixed. Perhaps satellite weeds of 
crops and crop mimics once possessed a more general habit of growth or 
development which became more croplike as the need for specialization 
increased. 


Table 1.3 Plant Families of Major Crops 
of the World 


Family 

Crop 

Gramineae 

Barley, maize, millet, 
oats, rice, sorghum, 
sugarcane, wheat 

Solanaceae 

White potato 

Convolvulaceae 

Sweet potato 

Euphorbiaceae 

Cassava 

Leguminosae 

Soybean 


Source: Holm (1978). 














Figure 1.1 Barnyardgrass (Echinochloa crus-galli ) occurring in rice grown in 
California (top), and wild oat (Avena fatua ) occurring in wheat in North 
Dakota (bottom). (Photographs by E. J. Roncoroni and L. W. Mitich, respec¬ 
tively.) 
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It would be easy to oversimplify these apparent relationships between 
certain crop and weed species. However, in Tables 1.2 and 1.3 we see that 
two of the families that supply large numbers of weed species, Compositae 
and Cyperaceae, contain no major crops on a worldwide basis. Furthermore, 
although some mimics are related taxonomically to their crops, many others 
are not. Common taxonomic characteristics and crop mimicry are no doubt 
important features of certain weeds, but it is difficult to account for 
weediness on that basis alone. 


CLASSIFICATION BY LIFE HISTORY 

Historically weeds have been grouped according to a number of classifica¬ 
tion schemes. These schemes include the place where weeds occur, or 
habitat (cultivated fields, pastures, etc.), their degree of undesirability (nox¬ 
iousness), and their ease of control. Weeds also may be classified according 
to morphology, that is, broad-leaved or narrow-leaved, corresponding to 
dicot and monocot types. A common method of classification involves the 
life cycle of the plant. The length of life, season of growth, and timing and 
method of reproduction are used to classify weeds in this way. 

Annuals. An annual plant completes its life cycle (from seed to seed) in 1 
year or less. Annuals are often divided into two groups, the winter and 
summer annuals. Winter annual plants usually germinate in fall or winter, 
grow through spring, and produce fruit and die by midsummer. Summer 
annuals, in contrast, germinate in spring, grow through summer, and ma¬ 
ture and die by autumn. Annuals constitute the largest single segment of 
weeds throughout the world. 

Biennials. These plants live more than 1 but less than 2 years. During the 
first phase of growth, the seedling usually develops vegetatively into a 
rosette. Following a cold period, floral initiation, fruit set, and death occur. 
Although some plants normally classified as annuals occasionally behave as 
biennials, few weed species are found in this group. 

Perennials. These plants live for more than 2 years. They are character¬ 
ized by renewed growth year after year from the same root system. Simple 
herbaceous perennials reproduce by seed and normally do not reproduce 
vegetatively. If injured or cut, however, the cut piece usually regenerates. 
Creeping herbaceous perennials all reproduce by seed and also can spread 
through vegetative means. Vegetative reproduction in these plants can occur 
from a variety of organs: roots, stolons, rhizomes, or tubers. In his survey, 
Holm (1978) noted a tendency for perennialism to predominate in weed 
species classified as most troublesome. Woody plants constitute a special 
category of perennial weeds whose stems undergo secondary thickening and 
an annual growth increment. Both shrubs and trees are included in this 
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category. Aquatic weeds may be either annual or perennial, although most 
species have the perennial habit. All have one common aspect, the aquatic 
environment. Aquatic weeds are generally classified as floating, emergent, 
or submersed. Algae also are considered to be aquatic weeds. 

As must be expected, these groupings are not entirely distinct, and some 
overlapping invariably occurs. However, the groups are well recognized and 
sometimes are helpful in understanding the various vegetational descrip¬ 
tions of weeds. 


CLASSIFICATION BY ADAPTATION 

Table 1.4 lists a number of characteristics proposed by Baker (1974) that 
might be expected in the “ideal weed.’’ Although it is unlikely that any 
species possesses all of these characteristics, it is feasible that a few to many 
of them may be combined into a single species. Thus a spectrum could exist 
of species that possess various combinations of these characteristics, ranging 
from minor to major weeds. In the latter case, evolutionary processes would 
have compounded specific adaptations into highly successful (very weedy) 
individuals. It must be stressed, however, that ecological success in the form 
of weediness cannot be measured in only the agricultural sense of nox¬ 
iousness. The numbers of individuals, the range of habitats occupied, and 


Table 1.4 Ideal Characteristics of Weeds 

1. Germination requirements fulfilled in many environments 

2. Discontinuous germination (internally controlled) and great longevity of seed 

3. Rapid growth through vegetative phase to flowering 

4. Continous seed production for as long as growing conditions permit 

5. Self-compatibility but not complete autogamy or apomixy 

6. Cross-pollination, when it occurs, by unspecialized visitors or wind 

7. Very high seed output in favorable environmental circumstances 

8. Production of some seed in wide range of environmental conditions; tolerance 
and plasticity 

9. Adaptations for short-distance and long-distance dispersal 

10. If a perennial, vigorous vegetative reproduction or regeneration from fragments 

11. If a perennial, brittleness, so as not to be drawn from ground easily 

12. Ability to compete interspecifically by special means (rosette, choking growth, 

allelochemicals) _ 

Source: Baker (1974). Reproduced with permission from the Annual Review of Ecology and 
Systematics, Volume 5. Copyright © 1974 by Annual Reviews, Inc., Palo Alto, CA. 
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the ability to continue the species must be considered foremost when 
evaluating success. The classification presented in Table 1.4 also has limita¬ 
tions in that almost every plant species possesses some of these characteris¬ 
tics. Yet all species are not weeds, even minor weeds, unless we consider 
once again our human evaluation as a criterion for weediness. Baker (1974) 
suggests that weeds have evolved as highly specialized “all-purpose geno¬ 
types” that encompass many or most of the characteristics in Table 1.4. His 
concept may be true, and he presents several compelling examples based on 
years of study to support this idea. 

Zimmerman (1976) suggests that the term “weed” should be used as a 
synthetic concept that implies a series of interrelated attributes common to 
that form of plant life. He believes a weed is a plant that (1) colonizes 
disturbed habitats, (2) is not a regular member of the original natural com¬ 
munity of the geographic area in which it is found, (3) is abundant, at least 
locally, (4) is noxious, destructive, or troublesome, and (5) is economically of 
little value. These criteria combine many of the weedy attributes listed in 
Tables 1.1 and 1.4. To be classified as a weed, a plant species need not 
exhibit all the attributes listed above. However, the more adaptations a 
species possesses that result in these attributes, the more “weedy” the 
species seems to be. 


SUMMARY 

An attempt was made in this chapter to define or at least describe what is 
meant by the term “weed.” Invariably it seems that weeds assume a number 
of anthropomorphic characteristics in relation to how people view them. 
Thus the definition “a plant growing where it is not desired” satisfies that 
concept. 

However, if one accepts only that idea he eventually becomes confronted 
with the possibility that nearly every plant can be a weed to someone at 
some time. Since weeds represent an important entity in agricultural and 
other productive ecosystems, it does not seem sufficient simply to say that 
they are not wanted wherever they occur. 

Several methods of weed classification have been presented. These in¬ 
clude classification based on life history and on various ecological adapta¬ 
tions. The possibility of weeds as crop mimics also was explored. None of 
these approaches provide an entirely satisfactory insight as to the nature of 
weediness. Weeds are quite successful in the areas where they occur and it 
is most appropriate that we study them in terms of that success. In order to 
do this, common characteristics must be determined and common evolution¬ 
ary strategies must be explored. 



Chapter Two 

Principles 
and Patterns 


A fundamental goal of plant ecology is to explore the underlying order of 
vegetation. Some ecologists are most concerned with the overall description 
of vegetation, whereas others study the biology of only certain plant species 
in relation to the environment. Applied plant ecologists seek to use basic 
information for vegetation management problems. Although the approaches 
often differ among these scientists, of common interest is the manner in 
which plants adapt to and exist in their respective environments. It is 
through the development of ecological principles and concepts that land 
managers can begin to understand the nature of weediness. Once this foun¬ 
dation is established, we can begin to explore the relationships and interac¬ 
tions that exist among weeds and crops in agricultural, forest, and rangeland 
systems. In the process, less costly weed control, improved crop yields, or 
both may result. 


ENVIRONMENT 

Central to plant ecology is the recognition that plants exist in and there¬ 
fore respond to a wide array of environments. The environment is the sum¬ 
mation of all living (biotic) and nonliving (abiotic) factors that can affect the 
growth, development, or distribution of plants. It is usually divided into two 
components, macroenvironment and microenvironment. The macro- 
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environment is the broad-scale regional environment which includes many 
of the aspects of soil and climate, such as overall light intensity, humidity, 
wind speed, and temperature. The microenvironment is on a smaller scale 
and is that aspect of the macroenvironment that is influenced by the pres¬ 
ence of objects (rocks, trees, etc.), chemicals (organic matter, nutrients), and 
topography. Although both the macroenvironment and the microenviron¬ 
ment can be measured and therefore expressed in similar terms, it is the 
microenvironment to which plants directly respond. For this reason, mi¬ 
croenvironment is emphasized throughout this book, since weed species 
must have adapted to microenvironmental factors. 


VEGETATION 

Vegetation describes the composite of plant species present in a region. A 
vegetation type describes the region in terms of spatial and sometimes tem¬ 
poral distribution of the plants found there. Prairies, marshes, and forests 
are considered examples of vegetation types. A vegetation type is often 
divided into several predominant plant communities or associations, that is, 
a collection of plant species that coexist in a given environment. Plant com¬ 
munities are characterized by their dominant species. Thus the subalpine 
forest (vegetation type) of the Sierra Nevada Mountains of California is char¬ 
acterized by the fir/pine/hemlock plant community, whereas the spruce/fir 
subalpine forest (community) predominates in the high altitudes of the 
Rocky Mountain region. A population is a group of individuals, usually 
within a species, that occupies an environment (habitat) that is small enough 
to permit interbreeding among the group. The population is the basic unit of 
organization; a species is usually composed of several to many populations. 
A plant community, of course, may be composed of a few to many plant 
species. 

The plant community (association) is used most often by ecologists to 
describe vegetation. The basic attributes of a plant community, as described 
by Barbour et al. (1980), are (1) a relatively consistent floristic composition, 
(2) a relatively uniform physiognomy (structure, height, cover, canopies’ 
etc.) and (3) a characteristic distribution in a particular type of environment 
or habitat. Specific traits that further characterize plant communities are 
listed in Table 2.1. Although the idea of a community as a discrete ecological 
unit is somewhat vague, the concept is useful because it allows ecologists to 
define accurately the vegetation with which they are concerned. A specific 

discussion of a weed/crop (agricultural) plant community occurs in Chap¬ 
ter 6. 



Table 2,1 Some Characteristics of Plant 
Communities 

Physiognomy 

Architecture 

Life-forms 

Cover, leaf area index (LAI) 

Phenology 
Species composition 
Differential species 
Accidental and ubiquitous species 
Relative importance (cover, density, etc.) 

Species patterns 
Spatial 

Niche breadth and overlap 
Species diversity 
Richness 
Evenness 

Diversity (within stands and between stands) 

Nutrient cycling 
Nutrient demand 
Storage capacity 

Rate of nutrient return to the soil 
Nutrient retention efficiency of the nutrient cycles 

Change or development over time 
Succession 

Response to climatic change 
Evolution 
Productivity 
Biomass 

Annual net productivity 
Efficiency of net productivity 
Allocation of net production 
Creation of a control over a microenvironment 

Source: Barbour et al. (1980). Reproduced by per¬ 
mission of the Benjamin Cummings Publishing Com¬ 
pany, Menlo Park, CA. 


11 




12 


PRINCIPLES AND PATTERNS 


Community Differentiation " 

Most plant communities exhibit both vertical and horizontal differentiation; 
that is, different species oocur at various heights above ground and also are 
distributed differently along the ground surface. The vertical distribution of 
species is usually determined by a gradient of sunlight, with the upper 
canopy being in full sun and lower canopies occurring in diminished light 
intensity. 

Horizontal distribution is more complex, and Whittaker (1970) has 
identified four ways in which species in a community (also individuals in a 
population) can be distributed horizontally. These are shown in Figure 
2.1A-D. In natural communities species often appear to be scattered at 
random (Figure 2.1A) and, indeed, regular spacing of plants (Figure 2.1C) is 
usually rare. This observation often is not true in the agricultural community 
since at least one species, the crop, is usually planted in rows. Some depar¬ 
tures from randomness in natural communities also are known to occur. 
These are represented by Figure 2.IB and 2.ID. In these cases the species 
are concentrated into patches. Patchy distribution may occur as a result of 
the dispersal pattern from parent plants (see Chapter 3), gradients in mi¬ 
croenvironment, or species interrelationships, that is, a positive or negative 
association of one species with another. 

It is generally held among ecologists that each species within a natural 
community has a unique pattern of distribution. These patterns may be 
correlated with those of other species, but they are not identical to them. 
Thus a plant community is a composite of numerous species distribution 
patterns, each superimposed upon the other such that a myriad of subtle 



Figure 2.1 Four ways in which individuals of a population can be distributed 
m horizontal space in a community. A, Random dispersion (note its apparent 
irregularity). B, Clumped or contagious distribution. C, Regular or negatively 
contagious distribution. D, Combination of strong clumping of individuals 
into colonies, and regular distribution of the colonies. (Reprinted with permis¬ 
sion of Macmillan Publishing Co., Inc. from Communities and Ecosystems by 
R. H. Whittaker. Copyright © 1970 by Robert H. Whittaker.) 
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interractions occur. When one also considers the level of disturbance found 
in the agricultural ecosystem and the confounding impact it might have on 
the species distribution patterns of a plant community, it is not surprising 
that many plant ecologists have chosen to work within the confines of “natu¬ 
ral” systems. : 


Niche Differentiation 

Niche is a term used to describe a species’ place within a community, that 
is, its place in space, time, and function of that community. The concept of a 
niche denotes specialization. As Whittaker points out in his analogy of a 
niche to a human society, an individual may gain from professional speciali¬ 
zation to acquire the resources (income) needed to live. Two or more indi¬ 
viduals may gain by following different specialities since they are not in 
direct competition, and society at large may gain if the specialization of one 
individual satisfies the needs of another. Thus considerable evolutionary 
advantage must underlie the specializations of the plant species within any 
plant community. Through differential specialization, species appear to 
avoid at least some degree of direct competition. 

In order to understand the significance of niche separation in natural 
communities, and perhaps managed ones as well, we must consider the 
logistic equation of Volterra (1926) and Lotka (1925). As described by Whit¬ 
taker (1970), if environmental resources are not limiting, a population may 
increase geometrically: dN/dt = rN, in which the rate of growth in numbers 
of individuals (dN/dt) equals the number of individuals (N) in the population 
at a given time, multiplied by r, the intrinsic rate of increase for that popula¬ 
tion in the absence of crowding or competition effects on its growth. If 
environmental resources are limited, the growth rate of the population is 
continually lessened by competition as the number of individuals approaches 
the maximum number the environment can support. This maximum number 
is the carrying capacity of the environment, K. The logistic curve generated 
from the following equation (Figure 2.2) is a convenient first approximation 
for growth rate of a population to a ceiling level set by a limiting environ¬ 
ment: 


dN 

dt 


rN 


K - N 
K 


In the above equation (K — N)/K specifies that population growth will be 
reduced as population number, N, approaches carrying capacity, K, and will 
be zero when N = K; the population is then stabilized at carrying capacity. 
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Figure 2.2 Geometric (solid line) versus logistic (dashed line) population 
growth over time. K is the carrying capacity of the environment for a popula¬ 
tion showing density-dependent logistic growth (dashed line). (From Barbour et 
al., 1980, by permission of the Benjamin Cummings Publishing Co., Inc., 
Menlo Park, CA.) 


The logistic equation now may be applied to two competing populations: 

dN i _ K.-N,- a N 2 

~df ~ r ' Nl - K, - 

- r* * ~ W » - Hi 
dt 22 K 2 

In these equations, N\ and N 2 are the populations of species 1 and 2 at a 
given time, and r 2 are their intrinsic rates of population increase, and Kj 
and K 2 are the environmental resource limits (carrying capacities) for each 
species in the absence of the other, a and (3 are competition coefficients that 
express, through a N 2 and $N U the effects of the population level of one 
species on the population change of the other species (Whittaker, 1970). The 
equations imply that, for most values of a and (3, one species increases while 
that of the other competitor declines, until at equilibrium the latter is ex¬ 
tinct. This idea, that two species cannot coexist permanently in the same 
niche, is known as Gause s competitive exclusion principle. 

Certainly a most significant interaction for crop production is the compet¬ 
itive relationship that nearly always develops between weed and crop. Ac- 
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cording to Gause’s principle, if two species are direct competitors, one 
species should approach extinction. In the agro-ecosystem where seeds or 
propagules are repeatedly introduced, the competitive exclusion principle 
would be manifested as extreme dominance or suppression of one species by 
another rather than as extinction. If, however, the species differ in their 
requirements or specializations then it is possible for them to coexist. Are 
weeds and crops so similar in their niche requirements that it is impossible 
for them to live together, or are their specializations sufficiently different to 
allow reasonable coexistence? Because of niche separation, many natural 
systems are typified by a high degree of species diversity (richness) and 
uniform total productivity. In the agricultural ecosystem species diversity 
and uniform production would be acceptable if relative species success and 
coexistence were the ultimate goals. However, when productivity of a single 
species (the crop) is of concern, most of the environmental potential (re¬ 
sources) must be directed toward productivity of the crop. Therefore, al¬ 
though some crops appear to be superior competitors to some weeds, it is 
not enough simply to allow them to compete with the hope of eventual weed 
extinction (suppression). Although some spatial and temporal specializations 
are evident among particular weed and crop species that would allow coex¬ 
istence, the niche differences between weeds and crops usually are not 
separate enough to allow maximum crop productivity. 


SUCCESSION 

The species composition of a plant community often changes over time, a 
process termed succession. If the microenvironment remains relatively con¬ 
stant, the changes in species composition become very slow or even cease. 
The last stage of succession is termed the climax and is often idealized as a 
community having a constant species composition. Other phases of commu¬ 
nity development also may be evident over time and are termed pioneer, 
early, or intermediate serai stages. 

Succession is usually divided into two components, primary and second¬ 
ary. Primary succession is the establishment of plants on land that has never 
been vegetated before, for example, as a lake fills with silt or rock weathers 
to soil. Secondary succession is the pattern of change after a radical distur¬ 
bance, so that a new patch in the physical environment is available once 
again for colonization by plants. Secondary succession is most often of con¬ 
cern to land managers. Figure 2.3 depicts several stages of secondary succes¬ 
sion after overstory removal of conifers by logging. A forest closely resem¬ 
bling the original should result eventually if the area is not disturbed, once 
again. Figure 2.4 depicts forest succession in the Sierra Nevada Mountains 



16 


PRINCIPLES AND PATTERNS 



Figure 2.3 Secondary succession after logging activity. Various stages of com¬ 
munity development are evident depending on the time (years) after conifer 
canopy removal. Photograph by S. R. Radosevich. 


of California when additional disturbance by fire occurs. The community 

reverts to an earlier stage of development, that is, a shrub-dominated brush 
field. 

According to Gause s competitive exclusion principle, species that are 
direct competitors cannot coexist permanently in the same niche. Thus the 
climax stage must represent a system of interacting, niche-differentiated 
species that tend to complement rather than directly compete with one 
another (Whittaker, 1970). In view of this concept it has been hypothesized 
that as species replace one another through succession, the preceding 
species somehow must aid in the development or occurrence of later ones. 
This view has been accepted widely for several decades, dating to the early 
o servations of Clements and his followers. It has presented such an attrac¬ 
tive description of succession that the concept has not been challenged 
critically until recent years. 

It is obvious that species replace one another through succession; how¬ 
ever, there appears to be little evidence that early successional species assist 
later ones in their own replacement (Connell and Slatyer, 1977). In fact, the 
opposite seems to occur; that is, once a site is dominated by a species it often 
does not relinquish the dominant position except with considerable diffi- 
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Figure 2.4 Forest succession in the Sierra Nevada Mountains, California. Re¬ 
version to an earlier stage as a result of frequent fire is indicated. Photograph by 
S. R. Radosevich, in Radosevich and Conard, 1981. Reproduced by permission 
of Academic Press, New York. 


culty. In other words, early successional species, colonizers, are often quite 
competitive and do not give way readily to other forms of vegetation. For 
example, following logging activity or severe forest fire, pioneer or inter¬ 
mediate serai shrub species often quickly colonize a previously forested site 
and occupy it for more than a century. In these cases resource limitation 
through competition or the occurrence of other factors that limit tree growth 
prevent succession from proceeding rapidly. Similarly in agricultural situa¬ 
tions, dominance by herbaceous annual species usually delays the establish¬ 
ment of perennial species that normally succeed the annuals. Perhaps herba¬ 
ceous perennials have sacrificed some of the competitive ability of their 
seedlings for the stability associated with vegetative reproduction and, 
therefore, have difficulty becoming established from seed. Once estab¬ 
lished, however, perennial species tend to replace annuals in the commu¬ 
nity. 


Models of Succession 

How can succession proceed under the competitive constraints so often 
demonstrated by colonizing and intermediate serai species? Recently Con- 
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Figure 2.5 Three models of the mechanisms producing the sequence of 
species in succession. The dashed lines represent interruptions of the process, 
in decreasing frequency in the order w, x, y, and z. The numbers 1, 2, and 3 
refer to the facilitation, tolerance, and inhibitory models, respectively, that are 
discussed in the text. (From Connell and Slatyer, 1977, American Naturalist 
111 : 1119-1144. Copyright © 1977 by the University of Chicago.) 


neH and Slatyer (1977) have proposed several alternative views concerning 
the mechanism of succession. These are depicted in Figure 2.5. After a 
major perturbation of the environment, “opportunistic” species with broad 
dispersal powers, rapid growth, and a short life-span usually arrive first and 
occupy the empty space. These species usually do not invade or grow in the 
presence of living adults of their own or other species. According to Connell 
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and Slatyer, the species that replace these earliest occupants may be deter¬ 
mined by any of three mechanisms (models). In the first situation, the 
“facilitation” model, the entry and growth of the later species requires the 
earlier species to “prepare the ground for them.” Only after a suitable 
change in the microenvironment occurs can later species colonize. Evidence 
in support of this concept applies mainly to certain primary successions 
(Connell and Slatyer, 1977). This model is the traditional assistance concept 
of Clements and his followers. The second, the “ tolerance” model, suggests 
that a predictable successional sequence occurs because of the existence of 
species that have evolved different strategies for exploiting environmental 
resources. Later species are those able to tolerate lower levels of resources 
than earlier ones. Thus the later colonizers can invade and grow to maturity 
in the presence of those that preceded them. In the third, the “inhibition” 
model, all species, even the earliest, resist invasions by competitors. The 
first occupants preempt the space and continue to exclude or inhibit later 
colonists until the former die or are damaged, thus releasing environmental 
resources. Only then can later colonizers become established and eventually 
reach maturity. In the majority of natural communities, and certainly in 
agricultural ones, succession is often interrupted by disturbance, which 
starts the process over again. However, if not interrupted the community 
eventually reaches a stage in which further change is on a small scale, 
occurring only as individuals die and are replaced. The pattern of these 
changes depends upon whether individuals are more likely to be replaced by 
members of their own or another species (Connell and Slatyer, 1977). 

Pertinence of Succession to Agriculture 

Horn (1974) states that secondary succession is often the result of inter¬ 
specific competition, with pioneer species reaching openings before later 
successional species and sometimes out-competing them. The cultivated 
field probably represents a special example of secondary succession because 
it is continually being disturbed. Succession on abandoned cropland is called 
old-field succession (Figure 2.6). Once agricultural operations cease, the 
systematic replacement of early and intermediate serai stages occurs through 
time until a climax community similar, but not necessarily identical, to the 
original pristine one appears. In agriculture where we continually manipu¬ 
late vegetation by cultural means such as tillage or hoeing, or by use of 
herbicides or fire, weeds appear to be those plants that occupy the earliest 
stages of secondary succession. In the “natural system weeds would proba¬ 
bly be classified as pioneers, invaders, or increasers. 

Under the disturbed regime typical of agriculture, it is unnecessary for 
plant species to have different life history characteristics in order to replace 
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Figure 2.6 Old-field succession in western Oregon. Photograph by S. R. 
Radosevich. 


earlier residents. Thus no inherent difference in competitive ability need 
occur among weed species, since the earliest phase of succession is continu¬ 
ally being recycled. Replacement of weed species over time may occur at 
random or due to subtle year-to-year changes in meteorological conditions or 
management practices. Direct control of weeds in agricultural fields is com¬ 
mon and necessary for most farming operations. However, the entire weed/ 
crop community can respond to such manipulation. These responses are 
usually short-term owing to the transitory nature of most cropping systems, 
but under some conditions long-term responses also result. Both long- and 
short-term responses, once imposed, are not easily reversed, and can have 
significant impacts on continued weed and crop management. These topics 
are discussed further in Chapter 6. 


INFLUENCE OF HUMANS ON WEED EVOLUTION 

The role of humans as a selective force should be addressed at this point 
with regard to the evolution of weed species, especially in agriculture. In his 
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book, Weeds and Aliens, E. J. Salisbury (1961) has presented several enlight¬ 
ening examples concerning the evolution of past and present weeds in 
Great Britain. He states that it is likely that some of the plants presently 
regarded as weeds in Great Britain were cultivated formerly as crops. These 
species include chess (Bromus secalinus) and wild oat ( Avena fatua) as cere¬ 
als, common lambsquarters ( Chenopodium album) as poultry feed, and 
large-seeded false flax ( Camelina sativa ) as an oil crop. Salisbury also dis¬ 
cusses the introduction and spread of the so-called native weeds of Great 
Britain. Using historical evidence of weed species that have diminished 
over time, he suggests that weed evolution was, and therefore is now, a 
highly dynamic process. The evolution of weeds is so evident that Salisbury 
predicts that “casual weeds of today are likely to become noxious weeds 
of tomorrow” owing to the continual modification of cultural practices and 
“modernization” of agriculture. 

As is often the case, we must look to the past to predict the future. In the 
Boke of Husbandry (Fitzherbert, 1523) a number of weeds that “doe moche 
harme” are enumerated. Salisbury (1961) infers that they were some of the 
most common weeds in England 400 years ago. Some are still common, but 
Salisbury notes that others, like darnel ( Lolium temulentum) and corncockle 
(Agrostemma githago), would not be included in a list of present-day weeds. 
He presents several reasons for the diminution of these formerly important 
w'eed species. 

Before the 18th century the broadcasting of grain by hand was the pri¬ 
mary method of sowing cereals. Much weed seed probably was distributed 
at planting because of this practice, and it inevitably precluded any practical 
attempt at hand weeding. The grains of both darnel and wheat were proba¬ 
bly harvested and subsequently sown together, especially since the wheat 
varieties then more closely resembled darnel in size than do modern variet¬ 
ies. Since the grains of darnel are toxic and the flour of darnel-contaminated 
wheat causes a serious illness to anyone eating the bread, the prevalence of 
darnel in cereal culture through the 1850s is well documented. Buckman 
(1856) cites it as a characteristic weed of loamy soils, but Salisbury (1961) 
notes that the occurrence of darnel in cereal had become rare by the second 
decade of the 20th century. The invention of the seed drill by Jethro Tull 
(1730) caused a major revolution among agricultural practices of the time 
because, in addition to other benefits, it allowed reasonably effective hand 
hoeing of weeds between crop rows. The author of Hortus Graminus 
Woburnensis (1826; see Salisbury, 1961) regarded the diminution of darnel 
as mainly due to this “new husbandry” for, according to Salisbury, “It is 
never found on arable land that is cultivated under drill husbandry except 
when introduced by having seed from other farms where broadcast sowing is 
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practiced.’’ Apparently, darnel diminished as an important weed in cereal 
culture because of the orderly sowing of cereal and concomitant use of hand 
hoes made possible by the widespread use of the horse-driven grain drill. 

Corncockle ( Agrostemma githago ), according to Salisbury (1961), also was 
a serious menace to cereal husbandry in 16th-century England. It was appar¬ 
ently still quite a problem in cereal as late as 1829, although reports 110 
years later (1940) list it as rare. Salisbury indicates that the seeds of corn¬ 
cockle retain their viability for a short time only, and that improved screen¬ 
ing techniques had an almost immediate effect on the prevalence of this 
plant. This same observation also has been reported by Harper (1977). 

The origin of a weed flora, especially as influenced by the activities of 
man, is an interesting area for speculation. This brief look into history raises 
the intriguing idea that different physiological and morphological adapta¬ 
tions exist among the species constituting a weed flora, so that changes in 
cultural practices or physical disturbance inadvertently select for the most 
adapted species. Those species that cannot adapt to such changes are elimi¬ 
nated as serious problems from the weed flora. Surveys similar to that of 
Salisbury (1961) have been conducted throughout certain areas of North 
America, notably in Kansas by Hitchcock and Clothier (1898) and in the 
prairie provinces of Canada by Mason (1932). Those studies represent efforts 
to describe weeds introduced into then relatively new areas of agriculture. 
Although it seems likely that weeds already adapted to the agricultural 
practices of the era would predominate, it would be of considerable interest 
to determine if the predominant species reported by Hitchcock and Clothier 
or Mason are still common today. It would be of equal interest to determine 
if some species listed in those reports as casual in occurrence are more 
prevalent now. 

In addition to different physiological or morphological adaptations among 
species to certain cultural practices, it also is possible to find within a species 
strains or ecotypes that possess different characteristics. These ecotypes may 
provide a wide range of tolerance within the species and thus the species 
would possess the ability to accommodate sudden changes in agricultural 
practices. The species, through survival of adapted populations, could con¬ 
tinually evolve according to changes in environment or cultural practices. 
Salisbury (1961) describes several species formerly unimportant to the weed 
flora of England, for example, rosebay willowherb ( Chamaenerion angus- 
tifolium), Oxford ragwort ( Senecio squalidis), and gallant soldier ( Galinsoga 
parviflora ), that are now increasing dramatically. It seems very likely that 
the weed flora as we know it is in a continual state of flux. Therefore, the 
most casual species perhaps could have the potential to become a most 
noxious weed if the right conditions are provided. 
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Weeds, Domesticates, and Wild Plants 

Dc Wet and Harland (1975) suggest that plant species react in different 
ways when their habitats arc disturbed by humans. Some species flourish 
because of the disturbance, whereas others migrate or die and are replaced. 
They describe three classes of vegetation based on the degree of association 
with human-caused disturbance. According to de Wet and Harland, wild 
plants grow naturally outside of human-disturbed habitats. They are aggres¬ 
sive colonizers, and when the habitat is not frequently disturbed, successive 
waves of different species invade until dynamic, but eventually stable, popu¬ 
lation balances are achieved. When the habitat is continuously disturbed by 
humans, a much different set of species becomes established. De Wet and 
Harland describe these species as weeds and domesticates (crops). Neither 
class of vegetation can compete successfully with “wild” species for “wild 
habitats.” Weeds may invade newly disturbed habitats, but they are usually 
replaced by wild colonizers if the habitat is not disturbed further. 

De Wet and Harland (1975) indicate that domesticates can be weedy, and 
weeds are sometimes grown as crops. However, it is unusual for weeds to 
require artificial propagation as do crops. Thus weeds are able to establish 
new populations within the human-disturbed habitat without further assis¬ 
tance from humans. Domesticates, in contrast, require cultivation and the 
continual help of humans in order to propagate. 

De Wet and Harland believe that weeds have evolved in response to 
human-caused disturbances in three principal ways: (1) from wild colonizers 
through adaptation to and selection for continuous habitat disturbances, (2) 
as derivatives of hybridization between wild and cultivated races of domestic 
species, and (3) from abandoned domesticates by selection toward a less 
intimate association with humans. They propose that most weeds have 
evolved directly from wild species that invaded human-disturbed habitats. 
As evidence, many weed species have been distributed far beyond their 
“natural” range, and these weeds, for example, dandelion ( Taraxacum 
officinale), henbit (. Lamium amplexicaule), and crabgrass ( Digitaria san- 
guinalis ), have wild races in their native “Old World habitats. In addition, 
most domestic plant species also have weed and wild races. Thus weed races 
can evolve from hybridization between these wild and domestic forms of the 
species or from abandoned domesticates. De Wet and Harland indicate that 
hybrids between wild and cidtivated forms rarely invade successfully the 
natural habitat of the species but are common in disturbed habitats associ¬ 
ated with cultivation. Domestic races (crops) also can revert to a weedy 
habitat when they are no longer cultivated. However, replacement by other 
races or species less dependent upon cultivation than crops may be more 
usual. In eases of reversion to weedy forms from a domesticate, seed dis- 
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persal mechanisms are often similar to those found in wild types. Cultivated 
forms of cereals, for example, are characterized by spikelets that persist on 
the inflorescence at maturity, whereas wild-type cereals disperse seed by 
means of an abscission layer that forms between the rachis and the spikelet. 
Weed races of cereals (e.g., wild oat) are similar to the wild type regarding 
the method of seed dissemination. 

It is certain that weeds have evolved and will continue to evolve in 
response to agricultural activities. This fact must be recognized in the devel¬ 
opment of management practices for weed control, since the reliance on a 
single method or tool will most likely result in weed species or races that 
eventually become tolerant to it. 

PATTERNS OF EVOLUTIONARY DEVELOPMENT 

It is generally recognized that organisms are capable of budgeting energy 
or resources in order to complete their life cycle successfully. This process 
has been called resource allocation. Allocation is closely linked to species 
survival, and the patterns of resource allocation that are developed and 
retained are generally viewed as adaptations for the minimization of extinc¬ 
tion. In plants, the resources available to a species must be divided among 
various organs and activities in order to complete the life cycle successfully. 
The amount of photosynthetic energy allocated to root, shoot, leaf, and 
reproductive portions, and the amount of time (implied resources) spent in 
dormancy, growth, and maintenance are important attributes that govern 
plant species success. Figure 2.1a illustrates those major activities per¬ 
formed by annual plants that require resource allocation. Figure 2.1b illus¬ 
trates those activities necessary for a perennial species. Several points of 
view are possible concerning the strategies of resource allocation that exist 
among plant species; however, these theories all recognize the importance of 
resource allocation for species survival and community development. 

r and K Selection 

The most widely held concept dealing with patterns of evolutionary de¬ 
velopment is that of r and K selection. This idea was derived from the logistic 
equation for population growth (Lotka, 1925; Volterra, 1926): 

-f- = rN ^ 


The change in the population size with time is represented by dN/dt. The 
innate capacity for population increase is represented by the constant r, 
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Figure 2.7 Schemes illustrating the life cycle of an annual flowering plant (a) 
and a perennial plant producing both seed and vegetative progeny [h). (Adapted 
from Grime, 1979, Plant Strategies and Vegetation. Copyright © 1979 by John 
Wiley and Sons, Ltd., Chichester, U.K.) 


which equals birth rate minus death rate of a species in a setting of unlimited 
resources. N is the population size, and K is the highest population that can 
be maintained in a constant but real (limited) environment. K is often consid¬ 
ered to be the carrying capacity of a habitat. As shown in Figure 2.2, 
population growth in an ideal (limitless) environment would be expected to 
increase geometrically, whereas in real (limited) environments growth de¬ 
clines as the population approaches K (Pianka, 1970, 1978; Barbour et al., 
1980). 

The concept of r and K selection, first proposed by MacArthur (1962) and 
later by Pianka (1970, 1978), is that organisms lie on a continuum between 
two extremes of resource allocation which represent two strategics for sur¬ 
vival. In the extreme cases, species may be r-selected or K-selected. Table 
2.2 lists various traits associated with each strategy. Extreme K-selected 
species tend to be long-lived, have a prolonged vegetative stage, allocate a 
small fraction of biomass to reproduction, and occupy late stages of succes¬ 
sion. The population size is near carrying capacity and is regulated by biotic 
factors. Extreme r selection leads to a short-lived plant that occurs in open 
habitats and early stages of succession. A large proportion of biomass is 
allocated to reproduction, and the population is regulated by physical fac¬ 
tors. It should be noted that few plant species, if any, are entirely r-selected 
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Table 2.2. Some Traits that Correlate with r and K Selection 
Trait r Selection K Selection 


Variable and/or unpre¬ 
dictable; uncertain 


Climate 

Mortality 

Survivorship 

Population size 

Intraspecific and inter¬ 
specific competition 
Life-span 

Selection favors 

Overall result 


Often catastrophic; 
density-independent 
Mortality at early age 

Variable in time; not in 
equilibrium; usually 
well below carrying ca¬ 
pacity of the habitat; 
recolonization each year 
Variable; often lax 

Short, usually less than 
1 year 

Rapid development; 
early reproduction; 
small body size; single 
reproduction period in 
life-span 

Productivity 


Fairly constant and/or 
predictable; more cer¬ 
tain 

Density-dependent 

Continuous mortality 
through life-span or 
more as age increases 
Fairly constant in time; 
in equilibrium; at or 
near carrying capacity 
of the habitat; no recol¬ 
onization necessary 
Usually keen 

Long 

Slower development; 
greater competitive 
ability; delayed repro¬ 
duction; larger body 
size; repeated repro¬ 
duction periods in life¬ 
span 

Efficiency 


Source: Pianka, 1970, On r and K selection, American Naturalist 104: 592-597. Copyright © 
1970 by the University of Chicago. 


or K-selected. Most species represent a compromise between the two strate- 
gies. Weeds associated with agricultural land seem to fit most closely the 
characteristics of r selection noted in Table 2.2. 

C, S, and R Selection 

In recent years another concept has emerged concerning plant strategies 
and resource allocation. The major proponent of this idea is J. P. Grime of 
Great Britain. His concept may be viewed as an extension of the more 
widely acknowledged r and K continuum, in that it recognizes that most 
plant species represent mixtures of r and K strategies. 






PATTERNS OF EVOLUTIONARY DEVELOPMENT 


27 


Grime (1979) proposed that there are two basic external factors that limit 
the amount of plant material in a given environment: stress and disturbance. 
He defines stress as external phenomena that limit production, such as 
reduced or limiting light intensity, water availability, nutrients, or subop- 
timal temperatures. Disturbance is the partial or total disruption of plant 
biomass, for example, by mowing, tillage, grazing, or fire. As with the r and 
K continuum, the spectrum of these two factors can vary widely, but if only 
the extremes of high and low stress and disturbance are considered, four 
possible combinations occur. These possible combinations of the extremes of 
stress and disturbance are given below. 


Intensity of Stress 

Intensity of-- 

Disturbance High Low 

High Plant Mortality Ruderals 

Low Stress tolerators Competitors 


From these four combinations, only three possible evolutionary strategies 
become apparent: ruderals, stress tolerators, and competitors. The fourth 
possible combination, high stress and high disturbance, creates an environ¬ 
ment unsuitable for plant survival. Plants that fall into each of these evolu¬ 
tionary' strategies can be characterized according to their common adapta¬ 
tions. A complete listing of characteristics for each strategy is presented in 
Table 2.3. 

Stress tolerators reduce allocations toward vegetative growth and repro¬ 
duction. They exhibit eharacteristics that ensure the endurance of relatively 
mature individuals in harsh (limited) environments (Table 2.3). The environ¬ 
mental limitation may be caused by physical factors (e.g., recurring seasonal 
drought or flood) or biotic factors, such as the use of a resource by neigh¬ 
boring plants. Species with these characteristics are prevalent in continually 
unproductive environments or during the late stages of succession in pro¬ 
ductive (fertile) environments. 

Competitors have developed characteristics that maximize the capture of 
resources in productive but relatively undisturbed conditions (Table 2.3). 
These plants have an extensive vegetative phase of growth. They are abun¬ 
dant during the early and intermediate stages of succession. 

Ruderals are found in highly disturbed but potentially productive envi¬ 
ronments. They are usually herbs, characteristically having a short life-span 
and high seed production (Table 2.3). They occupy the earliest phase of 


succession. 





Table 2.3. Some Characteristics of Competitive, Stress-tolerant, and Ruderal Plants 

Competitive Stress-tolerant Ruderal 
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9. Proportion of annual Small Small Large 

production devoted to 
seeds 

10. Perennation Dormant buds and seeds Stress-tolerant leaves and Dormant seeds 

roots 

11. Regenerative strate- V, S, W, B s V, B S, W, B s 
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temperature, light, 
and moisture supply 
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Figure 2.8 Model describing the various equilibria between competition, 
stress, and disturbance in vegetation and the location of primary and secondary 
strategies. I c , relative importance of competition; I Sl relative importance of 
stress; Id, relative importance of disturbance. (From Grime, 1977, American 
Naturalist 111: 1169-1194. Copyright © 1977 by the University of Chicago.) 


Grime prefers to arrange the three evolutionary strategies into a triangu¬ 
lar model (Figure 2.8) to describe the various equilibria between stress (I s ), 
disturbance (Id) and competition (Z c ). In this model C, R, and S represent the 
three extremes of specialization. Since few species have all the characteris¬ 
tics of any extreme, Grime attempts to “map” species according to certain 
traits listed in Table 2.3 using a process called triangular ordination. Al¬ 
though the indices for stress, disturbance, and competition are difficult to 
establish quantitatively, this procedure appears to have value in determining 
the relationship between strategy and life form (annual, biennial, perennial 
herb, shrub, tree, etc.). It provides a tool for categorizing plants according 
to life history and successional stage. 

In 1974 Grime attempted to utilize this technique on the herbaceous flora 
near Sheffield, England. Despite some limitations, consistent patterns of 
plant distribution were found; that is, species with similar ecological 
affinities were often grouped together (Figure 2.9). It is apparent from Fig¬ 
ure 2.9 that annual herbs (a) often occur in the ruderal corner whereas 
lichens (e) and some shrubs and trees (d) occupy the extreme for resource 
limitation (stress and tolerance). No life-form appears to be entirely competi¬ 
tive, although some herbaceous perennials (c) and certain tree and shrub 
species (d) that occupy intermediate stages of succession are directed toward 
the competitive strategy. 
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Figure 2.9 Diagrams describing the range of strategies encompassed by (a) 
annual herbs, [b) biennial herbs, (c) perennial herbs and ferns, [d) trees and 
shrubs, (e) lichens, and (/) bryophytes. For the distribution of strategies within 
the triangle, see Figure 2.8. (From Grime, 1977, American Naturalist 111: 
1169-1194. Copyright © 1977 by the University of Chicago.) 


WEEDS AS STRATEGISTS 

In terms of evolutionary strategy it appears that many weeds possess 
characteristics common to both competitors and ruderals (Table 2.3). From 
Figures 2.8 and 2.9, it seems that many herbaceous annuals, biennials, and 
certain herbaceous perennials follow a pattern categorized as competitive 
ruderals. Trees and shrubs, however, more closely follow the pattern for 
stress-tolerant competitors. Although Grime (1979) describes many other 
patterns of vegetation in relation to both life-form and evolutionary strategy, 
it seems that these two warrant further investigation in our attempt to 
characterize weedy vegetation. It also is tempting to consider the pattern 
that Grime calls C-R-S strategists, for perhaps some weeds belong to this 
category. However, Grime notes that such environments are usually subject 
to pronounced seasonal and temporal variation in disturbance, stress, and 
competition. For example, in temperate zones in certain unfertilized pas¬ 
tures that experience constant grazing pressure, the vegetation is usually 
composed of species mixtures that develop characteristics intermediate to 
competitors, ruderals, and stress tolerators. We should keep in mind that 
weeds are highly specialized and successful organisms of productive environ¬ 
ments. For this reason, it seems unlikely that many weed species would 
adapt in such a broad manner as the C-R-S category suggests. 
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Competitive Ruderals 

Plant species with the adaptations of competitive ruderals should be 
found on productive sites where dominance by true competitors is dimin¬ 
ished by some disturbance. Occasional disturbance is expected, in this case, 
since very frequent or severe disturbance would favor strictly ruderal vege¬ 
tation. Conditions favorable for competitive ruderals might result when 
damage to vegetation occurs once or twice annually or during the life cycle, 
but does not affect or eliminate all the individuals from the community. 
Grime (1979) states that examples of this habitat include fertile meadows and 
seasonal grasslands subject to seasonal damage (e.g., grazing), floodplains, 
eroded areas, and margins of lakes and ditches. Arable land also is included 
in this habitat. 

Plants having the competitive ruderal strategy would be expected to have 
a rapid early growth rate, and the onset of competition between individuals 
should occur before the initiation of flowering. Annual herbs which Grime 
places in this category, common ragweed ( Ambrosia artemisiifolia), Penn¬ 
sylvania smartweed ( Polygonum pensylvanicum), and velvetleaf (Abutilon 
theophrasti), are characterized by a relatively long vegetative phase. Gras¬ 
ses, such as ryegrass ( Lolium multiflorum ) and others, also are capable of 
rapid and large dry matter production. Optimization of resource capture and 
seed production appears to be an important criterion for competitive ruderal 
species. Many crops, such as barley, rye, corn, and sunflower, are annuals 
with rapid early growth rates and the capacity to produce a high leaf area 
index. Grime believes these species also should be classified as competitive 
ruderals. 

Table 2.4 lists the annual weed species determined by Holm et al (1977) 
as being of worldwide importance. Each species is found primarily on pro¬ 
ductive arable land. Also listed, when possible, are times from germination 
to maturity and vegetative (shoot length and biomass) and reproductive 
output. Although the data are of diffuse origin, these weed species (Table 
2.4) generally are characterized by high plasticity in vegetative growth, rapid 
early growth rates, and a prolonged vegetative phase prior to and during 
reproduction. Holm et al (1977) repeatedly emphasizes the ability of these 
weeds to compete against crop species. Most of the weeds allocate a large 
proportion of resources to seed production. Many of the annual species 
listed by Holm as the world s worst weeds appear to fit the category of 
competitive ruderals. 

It would be enlightening if a comparative analysis of relative growth rates, 
similar to that accomplished by Grime and Hunt (1975), in which species of 
various habitats were compared on the basis of early biomass accumulation, 
could be done using the species in Table 2.4. Such a study, conducted under 



Table 2.4 Vegetative and Reproductive Characteristics of Certain Annual Weed Species 
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Cenchrus southern sandbur — 25-90 — — Holn 

echinatus 1977 
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Table 2.4 ( Continued ) 
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a Seeds per panicle. 

^Calculated from fresh weight based on 90% water in tissue. 





WEEDS AS STRATEGISTS 


39 


optimal and suboptimal conditions for growth and using the techniques of 
plant growth analysis (Chapter 5), might demonstrate the evolutionary sig¬ 
nificance of early biomass production for weed species of arable lands, when 
correlated with success or noxiousness. It also might demonstrate the man¬ 
agement value, from an evolutionary viewpoint, of maintaining a vigorous 
“competitive” crop such that early biomass accumulation by a weed is of 
little or no competitive advantage. The importance of early weed control for 
optimum crop production has been recognized for many years by agrono¬ 
mists. Perhaps the basis for this observation is rooted in morphological and 
physiological adaptations of common evolutionary origin among weed 
species and crops. 

Although many weed species classed as competitive ruderals are annuals, 
others are not. The notable exceptions are the herbaceous perennial species, 
like Canada thistle (Cirsium arvense ), quackgrass (Agropyron repens), colts¬ 
foot (Tussilago farfara), and Johnsongrass (Sorghum halepense). Such 
species tend to be strongly rhizomatous or stoloniferous with a high capacity 
for vegetative growth. Many also maintain high seed production. They often 
are noted for their competitive behavior, but can be displaced as seedlings 
by more competitive annual species, especially under a frequently tilled 
regime. However, tillage can promote proliferation of growth from vegeta¬ 
tive fragments once herbaceous perennials become established. Thus the 
establishment and spread of these species is enhanced by disturbance. 

Most herbaceous weeds common to arable land have adapted to the 
combined strategy of competitive ruderals. As ruderals, these species ap¬ 
pear to require the soil disturbance associated with agriculture for establish¬ 
ment and growth. Since it usually is not possible to maintain a completely 
disturbed environment and still grow a crop, plants of this strategy necessar¬ 
ily developed competitive characteristics as well. Perhaps the arable weeds 
developed initially as ruderals in their “natural” habitats, and with the ad¬ 
vent of agriculture, a relatively recent event on the evolutionary scale of 
time, also developed characteristics that allowed success in more competi¬ 
tive or less disturbed environments. 

Stress-Tolerant Competitors 

In order to understand the role of the stress-tolerant competitors as 
weeds we must consider once again the process of succession, particularly in 
productive environments. As we have seen already, this process involves 
initial colonization followed by progressive microenvironmental modification 
and replacement of the vegetation over time. The role of stress-tolerant 
competitors, primarily shrubs and trees, is particularly evident within the 
time frames common to forest succession. In this case shrubs often dominate 
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RELATIVE SITE OCCUPANCY BY 
CONIFERS, HERBS, AND BRUSH 



Figure 2.10 A hypothetical example of 
early forest succession following distur¬ 
bance. (From Radosevich and Conard, 
1981, by permission of Academic Press, 
New York.) 


an early to intermediate serai stage (Figure 2.10) for a prolonged period of 
time. 

The shrubs and some trees that appear early in forest succession on 
productive habitats are similar in many ways to competitive-ruderal herbs. 
The common characteristics include rapid dry matter production, at least in 
comparison to other trees and shrubs, rapid stem extension and leaf produc¬ 
tion through most of the growing season, and rapid phenotypic responses of 
leaf or shoot morphology to shade. Grime (1979) indicates that such features 
are particularly conspicuous among deciduous trees (Ailanthus, Betula, 
Populus) and shrubs that occur in the early phases of natural reforestation in 
disturbed woodlots of eastern North America. Species that assume a similar 
role in the forested areas of northwestern North America occur in the genera 
Arctostaphylos, Ceanothus, Rubus, Alnus, and Acer. These species repre¬ 
sent serious deterrents to forest regeneration efforts in the western United 
States. 

Most of the woody species that initially colonize an area following distur¬ 
bance by fire or logging do so from long-term seed reserves in the soil. Initial 
seedling growth is usually slow, but once the plant is established, extensive 
and rapid vegetative growth results. In addition, many species, including 
greenleaf manzanita (. Arctostaphylos patula ), bigleaf maple (Acer macro- 
phyllum), and tanbark oak (Lithocarpus densiflora) in western North America, 
sprout readily from root crowns or stumps if another disturbance occurs to 
remove top growth (Figure 2.4). In that event, total canopy coverage can 
approach the predisturbance levels in only a few years. Maximum photosyn- 
thate production and usually vegetative growth are coincidental with periods 
of low moisture stress. These species are notably shade intolerant (Figure 
2.11), however, and the ultimate dominance of more shade tolerant trees is 
assured. 
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Figure 2.11 Eventual replacement of shrubs by shade-tolerant conifers. Pho¬ 
tograph by S. R. Radosevich. 


It appears that many shrub and tree species that are considered weeds on 
disturbed forest lands follow the combined strategy of stress-tolerant com¬ 
petitors. These species usually dominate the vegetation of early and inter¬ 
mediate serai communities following a major disturbance to the forest. They 
are long-lived, often existing for decades, and tend to allocate a significant 
amount of their resources to canopy support. However, as competitors these 
species also possess early and rapid rates of vegetative growth, especially if 
sprouting occurs following top removal. Because of the competitive ability of 
these weeds, succession may proceed beyond the intermediate stages only 
as more stress-tolerant species gradually outlive them. 


SUMMARY 

In this chapter some of the basic principles of plant ecology were re¬ 
viewed in relation to plant associations or communities. Species that con¬ 
stitute a plant community are differentiated both vertically, usually along 
gradients of sunlight penetration through a canopy, and horizontally. Hori¬ 
zontal distribution is the species distribution in space. Although species 
often are grouped in either a positive or negative manner, regular distribu- 
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tion is usually rare. When all species in a community are considered, a 
random distribution is most common. Some exceptions to randomness in 
distribution occur in the agricultural plant community, because crops usu¬ 
ally are planted in rows and the weeds between them often are removed by 
cultivation. The concept of niche differentiation among species in a plant 
community also was examined. According to Gause’s competitive exclusion 
principle, species within a communityonust differ in niche (specialization or 
requirements) in order to exist together. Species that are direct competitors 
cannot coexist permanently in the same microenvironment. Thus even in 
the disturbed agricultural community some degree of niche separation must 
occur in order for weed species to exist from year to year with other weed 
and crop species. 

Community development occurs through time by the process of succes¬ 
sion. Several strategies, initially proposed by Connell and Slatyer (1977), 
were examined to describe the possible mechanisms by which plant species 
succeed one another. In the agricultural plant community it is believed that 
the disturbance typical of that system acts to ensure a continuous cycle of 
colonizers. Replacement of species over time occurs through subtle changes 
in cultural practices, because of year-to-year meteorological conditions, or as 
random events. 

In order to assess the nature of weediness, we explored the various botan¬ 
ical characteristics which purport to describe weeds. An abundance of infor¬ 
mation exists on this subject and some workers have compiled detailed lists 
of weeds and their characteristics. Thus Holm and his associates have pro¬ 
vided a valuable service by establishing a list of weeds acknowledged to be of 
major agricultural importance on a worldwide basis. Such lists, however, 
describe weedy vegetation only in general terms. It has been more useful to 
examine characteristics of weeds in relation to evolutionary strategies for 
survival. It is apparent that most weeds exist within the constraints of special 
environmental conditions (often human caused) and have been successful in 
adapting to those environments. As suggested by the examples of Salisbury, 
those weed species that are incapable of rapid adaptation to changes in 
cultural practices or environmental conditions risk elimination as dominant 
species in the weed flora. 



Chapter Three 

Reproduction, Dispersal, 
Germination, and Survival 


In the preceding chapter it was demonstrated that weeds are likely to 
undergo considerable evolutionary adaptation in response to disturbance 
and association with neighbors. Baker (1974) states that evolutionary success 
of any organism is measured in terms of numbers of individuals, reproduc¬ 
tive output, the area of the world’s surface occupied, range of habitats en¬ 
tered, and potential for putting descendants in a position to continue the 
genetic line. Three general criteria are proposed most often to characterize 
weedy vegetation. These are prolific reproduction, widespread dispersal, 
and rapid growth. In this chapter we explore the areas of reproduction and 
dispersal as they pertain to weeds. Central to the quantification of these 
variables is the necessity to unravel the life histories of the plant (weed) 
species involved. Although not easy to accomplish, this has been done for 
some weed species, and such studies provide considerable insight into the 
nature of weeds as successful organisms in the agricultural environment. 


SEXUAL REPRODUCTION 

Many weeds possess an apparent ability to colonize readily a wide range 
of disturbed habitats. This has led plant geneticists, evolutionists, and de¬ 
mographers to speculate about the breeding systems of weeds in relation to 
their colonizing abilities. Although several hypotheses have been proposed, 


43 


44 


REPRODUCTION, DISPERSAL, GERMINATION, AND SURVIVAL 


a recurring theme has emerged which considers the adaptive value of unipa¬ 
rental reproduction with occasional genetic recombination. This particular 
hypothesis has led to the so-called Bakers rule concerning the genetics of 
weeds and other colonizing species. As stated by Baker (1974): 

A notable feature of most weeds, especially annuals, is their ability to 
set seed without the need for pollinatbr visits, either by autogamy (self- 
fertilization) or agamospermy. Even when outcrossing does take place, 
wind or generalized flower visitors are adequate. The advantages of 
autogamy or agamospermy for a weed include providing for starting a 
seed-reproducing colony from a single immigrant or regeneration of a 
population after weed-clearing operations have removed all but a single 
plant. In addition, they allow rapid build-up of the population by indi¬ 
viduals virtually as well adapted as the founder. Where the weed is a 
perennial, self-compatibility is less certain to be found (and some such 
weeds are even dioecious), but an extra emphasis upon vegetative repro¬ 
duction here achieves the same end, i.e. the rapid multiplication of 
individuals with appropriate genotypes. 

According to Allard (1965) and Baker (1974) it seems that many weed species 
utilize breeding systems adapted for inbreeding to produce stable duplicates 
of successful genotypes coupled with occasional (environmentally controlled) 
outcrossing for recombination to occupy new or changing niches (microenvi¬ 
ronments). Young and Evans (1976) provide a striking example of this breed¬ 
ing system in a study of downy brome ( Brornus tectorum ). 

Downy brome is an annual grass which, upon introduction, invaded much 
of the Artemisia-dominated grassland of western North America known as 
the Great Basin. This weed increases dramatically in number or population 
size following removal of the native perennial grass by overgrazing. It also is 
abundant on disturbed sites and is considered to be one of the most wide¬ 
spread weeds in the western United States. According to Young and Evans 
(1976), the downy brome growing in degraded Artemisia communities are 
predominantly self-pollinated. Any stable habitat in the Great Basin has a 
population of relatively similar phenotypes, but each plant is probably an 
individual genotype (Figure 3.1a). These populations can reproduce year 
after year from seed. Destruction of the Artemisia-Bromus communities by 
fire or tillage causes this system to change. The shrubs and much of the 
competing vegetation, including a large portion of the downy brome seeds 
(caryopses), are destroyed. The surviving downy brome seeds germinate in a 
seedbed where resource availability has been increased. These plants (Fig¬ 
ure 3.1 b) produce thousands of flowers from many tillers that stay green 
much longer than unbumed or nontilled populations. In response to the 
increased availability of resources, locules stay more turgid, stigmas are 
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SELF-POLLINATED POPULATION 
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Figure 3.1 Model for hybridization 
in a largely self-pollinated population 
of downy brome (Bromus tectoium). 
Environmental concentration can be 
caused by fallow operations for weed 
control or by wildfires. (From Young and 
Evans, 1976, by permission of Weed Sci¬ 
ence Society of America.) 


receptive, and anthers are exserted for longer periods of time. Chances for 
cross-pollination thus increase. Because each plant is essentially an inbred 
line, the hybridization of these lines results in a great population expression 
of heterosis the second year after the disturbance (Figure 3.1c). Following 
the hybrid generation recombination occurs (Figure 3.1 d), but many of the 
new genotypes have no particular advantages for success. However, owing 
to the wide expression of genetic variability, the species can occupy all the 
microenvironments of the site. Successful genotypes (Figure 3.1 d) resume 
self-pollination, once again producing stable duplicates on the site year after 
year (Young and Evans, 1976). 

Although there are no doubt examples of successful weed species that are 
not predominantly self-pollinated, the pattern just described has been ob¬ 
served for numerous other annual weed species. Such species are usually 
conspicuous colonizers, implying a common genetic system based on com¬ 
promise between the high recombination of outbreeders and the stability of 
self-pollinated species. As Allard (1965) suggests, the genetic variability as a 
result of recombination in a nearly completely autogamous (self-pollinating) 
colonizing (weed) species helps its establishment in an area being newly 
colonized, whereas self-fertility is of value in building up the adapted popu¬ 
lation from its small beginning (Allard, 1965; Baker, 1974). 
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Influence of Polyploidy 

Because it is evident that some species are more successful as weeds than 
others, several workers have been interested in polyploidy as it might in¬ 
fluence the ability of plants to behave as weeds. Heiser and Whitaker (1948), 
using the weed flora of California which they developed from Robbins et al. 
(1941) as a base, studied the relationship of chromosome complement to 
weediness. They examined a total of 1^5 weed species and found them to 
occur in approximately equal proportions as diploids and polyploids. This 
suggests that polyploidy, in general, confers no particular advantage upon 
weedy species, since approximately the same proportion is found among all 
higher plants. They also compared the chromosome numbers of weedy 
species of Gramineae and Compositae to those of the overall population of 
those two families (Table 3.1). A striking tendency toward the annual life 
cycle was observed in weedy species of both families. These comparisons led 
Heiser and Whitaker to conclude that annuals in general and annual polyp¬ 
loids in particular are more likely to occur as weeds than are other species in 
those two families that have different life cycles or chromosome numbers. It 
has been suggested that polyploids often grow faster than diploid plants, 
occupy larger areas, and tend to invade more disturbed sites. These are also 
some of the characteristics that describe weeds. Furthermore, many weed 
species occur in the grass and composite families (See Tables 1.2 and 2.4). 
Perhaps some premium is attached to the rapid reproductive and growth 


Table 3.1 Comparison of the Gramineae and the Compositae with the weedy 
species of these families in California 



Weedy Gramineae 
of 

California 

(%) 

Gramineae 

in 

general 

(%) 

Weedy 

Compositae 

of 

California 

(%) 

Compositae 

in 

general 

(%) 

Diploids 

33 

34 

65 

67 

Polyploids 

67 

66 

35 

33 

Annuals 

64 

24 

57 

35 

Perennials 

36 

76 

43 

65 

Annual-diploid 

40 

59 

67 

81 

Annual-polyploid 

60 

41 

33 

19 

Perennial-diploid 

21 

34 

63 

56 

Perennial-polyploid 

79 

66 

37 

44 


Source: Heiser and Whitaker (1948). 
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rates of polyploid annuals in these two families. However, if polyploidy does 
confer some factor for weediness, it is not apparent in the total herbaceous 
population of plants. 


VEGETATIVE REPRODUCTION 

A common characteristic of many weeds of agricultural and forested lands 
is the ability to reproduce vegetatively. This trait is most common in, but is 
not restricted to, weeds with a perennial life cycle. Perennial plants may be 
either herbaceous or woody in growth habit. Although perennials are 
defined as plants that live for longer than two growing seasons, it usually is 
difficult to determine actual age of these plants, since different parts of the 
same plant may be very different in age. Following the terminology of 
Harper (1977), a single unit of clonal growth is called a ramet, and genet¬ 
ically distinct individuals are called genets. Thus most perennial weeds can 
be either herbaceous or woody and can reproduce sexually, giving seed 
(genets), or vegetatively, producing ramets. 

Types of Vegetative Reproduction 

Abrahamson (1980) describes several methods of vegetative reproduction. 
There are numerous examples of common perennial weeds that have one or 
more of these methods of propagation (Figures 3.2 and 3.3). The most com¬ 
mon forms of vegetative propagation found in weed species are described 
below. 

1 . Stolons and Runners. Long slender stems that grow along the soil 
surface and produce adventitious roots and new shoots. Several examples 
are: Bermudagrass ( Cynodon dactylon ), a perennial grass; large crabgrass 
(.Digitaria sanguinalis ), an annual grass; and chinquapin ( Castanopsis sem- 
pervirens), a shrub. 

2. Rhizomes. Underground stems that produce adventitious roots 
and shoots, for example, Johnsongrass ( Sorghum halepense) and quackgrass 
(. Agropyron repens), perennial grasses; purple nutsedge ( Cyperus rotun- 
dus) and yellow nutsedge (C. esculentus ), perennial sedges; goldenrod ( Soli - 
dago spp.), a perennial herb; and bearmat ( Chamaebatia foliolosa ), a shrub. 

3. Tubers. Enlarged terminal portions of rhizomes. These possess ex¬ 
tensive storage tissue and axillary buds. Examples are Cyperus rotundus and 
C. esculentus, perennial sedges, and Jerusalem artichoke ( Helianthus 
tuberosus ), a perennial herb. 



Figure 3.2 Vegetative propagation of weeds by modified stems. A, Bermuda- 
grass ( Cynodon dactylon), stolon; B, Johnsongrass ( Sorghum halepense), 
rhizome; C, quackgrass ( Agropyron repens), rhizome; D, purple nutsedge (Cy- 
perus rotundus), tuber; E, dichondra [Dichondra repens), creeping stem; F, 
bulbous buttercup (Ranunculus bulbosus), corm; G, wild onion ( Allium 
bolanderi), bulb. (Compiled from Robbins et al., 1941, Weeds of California .) 
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Figure 3.3 Vegetative propagation of weeds by roots. A, whitetop (Cardaria 
draba ); B, sheep sorrel ( Rumex acetosella); C and D, Canada thistle ( Cirsium 
arvensis ), E, western yarrow ( Achillea millefolium ); F, leafy spurge ( Euphorbia 
esula ). (Compiled from Robbins et al., 1941, Weeds of California and Fischer et 
al., 1976, Grower’s Weed Identification Handbook .) 
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4. Bulbs. Underground modified buds consisting of a stem and fleshy 
scale leaves. Food storage is in the leaves, for example, wild garlic ( Allium 
vineale), a perennial herbaceous lily. 

5. Corms. Enlarged, vertical underground stems covered with one or 
more layers of leaf bases. Food storage is in the stem, for example, bulbous 
buttercup ( Ranunculus bulbosus ), a perennial herb. 

6. Roots. Many species produce long horizontal roots that give rise to 
shoots. Examples include Canada thistle ( Cirsium arvensis ), field bindweed 
(Convolvulus arvensis ), perennial herbs, and many others (Figure 3.3). 

7. Stems. Some species produce adventitious roots and new shoots 
near the tips of branches, for example, Rubus spp. (a perennial vine), 
whereas others produce sprouts from a stem base or stump. Examples of the 
latter are dandelion (Taraxacum officinale), a perennial herb; Rubus spp., a 
vine; and bigleaf maple (Acer macrophyllum) and tanbark oak (Lithocarpus 
densiflora), trees. A special structure, the underground burl or lignotuber, 
is common to many shrubs that sprout prolifically after fire. This type of stem 
is an enlarged woody storage structure covered with adventitious buds. 
Many species in the genera Arctostaphylos and Ceanothus possess this 
structure. 

8. Fragmentation. Spread and establishment of a ramet by various 
plant parts, such as excised leaves or stems. This method of propagation may 
occur with segments of most underground portions of the plant. It also is 
evident with stems or leaves, for example, purslane (Portulaca oleracea ), an 
annual herb. 


The Bud Reserve 

A notable feature of most of the forms of propagation listed above, espe¬ 
cially those occurring below ground, is the large number of vegetative prop- 
agules that can be produced. This phenomenon can be likened in many ways 
to the seed reserve in soil, characteristic of annual weeds. Keeley (personal 
communication) presents the example of purple nutsedge (Cyperus rotun- 
dus), a perennial sedge in cotton-growing areas of the San Joaquin Valley, 
California. Keeley and his associates indicate that purple nutsedge may 
reproduce vegetatively from rhizomes, tubers, or basal bulbs, though the 
tuber is the main reproductive and storage organ. Based on these studies, it 
was estimated that 10-15 million tubers per hectare could be produced 
within the top 15 cm of soil per year under optimal conditions. Low soil 



VEGETATIVE REPRODUCTION 


51 


moisture impeded tuber production, whereas high soil temperatures and 
high light stimulated shoot development from dormant tubers. 

Quackgrass (Agropyron repens) is another herbaceous perennial weed 
often studied. It can reproduce vegetatively from each node on a rhizome 
with the reserve of dormant buds being up to 1200 buds per plant (Westra 
and Wyse, 1980). Common to most forms of vegetative reproduction is that 
buds are held in a dormant state until some form of separation from the 
parent plant occurs. Thus rhizomes and tubers, for example, remain dor¬ 
mant until some damage to the shoots or underground reproductive systems 
occurs, after which abundant shoots are produced from fragments. Similarly, 
many stump and burl sprouting shrub species do not produce new shoots 
until the existing canopy has been removed. Following fire that kills the tops 
of the shrubs, for example, a profusion of sprouts is produced. 

An important distinction should be made between the seed bank and the 
vegetative reserve of buds. Buds represent clones from a single plant that is 
successful in its microenvironment, whereas the population of buried seed 
represents a reserve of untested genotypes. Thus vegetative reproduction 
should be most advantageous when environmental conditions are relatively 
stable (unchanging) and the chance of disturbance is infrequent or predict¬ 
able. In this respect, perennial herbaceous weeds are usually disfavored by 
frequent cultivations. They can be favored, however, by periodic (annual) 
tillage such as occurs in orchards or vineyards. The presence of vegetative 
propagation also appears to be of value during the early and middle stages 
of forest establishment, where early site capture following disturbance is 
essential. 


Occurrence of Vegetative Propagation 

As already described, vegetative reproduction is probably most advanta¬ 
geous to weedy species in disturbed but relatively stable environments. 
These conditions are met in a variety of situations. Vegetative reproduction 
is especially well developed in aquatic habitats. In many cases, production of 
vegetative organs and fragments constitutes the major reproductive and 
dispersal efforts of aquatic weeds. In fact, for many aquatic weeds, seed 
production is markedly reduced or nonexistent. Notable examples of this 
lack of sexual propagation include the introduction of only one sex of elodea 
(Elodea canadensis ) into Europe followed by its successful spread, and the 
sterility of water hyacinth (Eichornia crassipes ) in many introduced areas 
where it is a troublesome weed. It is apparent that vegetative reproduction 
is a dominant feature of aquatic weeds. 

Vegetative reproduction is also common in plant communities influenced 
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by fire. These areas are dominated most commonly by shrubs or trees, 
although fire-adapted grasslands also occur. Post-fire vegetative regenera¬ 
tion appears to be beneficial in that it allows reestablishment much faster 
than can occur by seed. Examples include chaparral (shrub)-dominated 
ecosystems of Mediterranean-type regions (Hanes, 1971), temperate decidu¬ 
ous and coniferous forests (Ahlgren, 1974; Gratkowski et al., 1973; also see 
Figure 2.4), and certain perennial grasslands (Blaisdell, 1953). 

Finally, a habitat often occupied by herbaceous perennial weeds is arable 
land that receives some periodic but usually not extensive tillage. This 
habitat is most likely to occur in association with perennial crops. Bermuda- 
grass (Cynoclon dactylon) in asparagus and field bindweed (Convolvulus 
arvensis) in alfalfa are examples of perennial weed/crop associations in ag¬ 
ricultural systems. Herbaceous perennial weeds also are found near trees in 
orchards where cultivation can not be accomplished easily or in row crops 
where herbicides are used extensively for annual weed control and tillage is 
therefore infrequent. 

Advantages of Vegetative Reproduction 

Several authors (Salisbury, 1942; Clausen et al., 1940; Abrahamson, 1980) 
point out that many widespread weed species have vegetative multiplication 
as an alternative to seed production. They argue that such species have a 
considerable range of tolerance to environmental conditions and can repro¬ 
duce efficiently under suboptimal or extreme conditions. A study by White 
(1979) concerning the physiological adaptations of Canada thistle (Cirsium 
arvensis ) ecotypes to different environmental conditions demonstrates this 
point. She collected rhizomes of two ecotypes, a northern ecotype originally 
from Yellowstone County, Montana, and a southern ecotype from an agricul¬ 
tural field near Hollister, California. Seed production of each was similar, 
but germination of the southern ecotype was much less than the northern 
one. The amount of rhizome production was also similar but the southern 
ecotype was better adapted than the northern ecotype for ramet production 
from rhizomes at high temperatures (37°C). At lower temperatures (17°C) 
the reverse was true; the northern ecotype was more prolific. The southern 
ecotype represents the southern range extreme of Canada thistle, and it 
appears to reproduce itself solely by vegetative means in the suboptimal 
environment to which it has adapted. Spread of the southern ecotype occurs 
only in conjunction with mechanical disturbance of the rhizome system, in 
sharp contrast to the northern ecotype. By maintaining efficient seed and 
vegetative reproduction, the northern ecotype is capable of colonization in 
new locations by wind dissemination as well as continued occupation of the 
habitats already colonized. 
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Clearly, vegetative and sexual reproduction in flowering plants, espe¬ 
cially weeds, are both advantageous under optimal environments. If they 
were not, evolutionary processes would eliminate the mode of reproduction 
of least value to the species. However, most perennial weeds utilize both 
mechanisms, indicating that in terms of energy balance the return per in¬ 
vestment is approximately equivalent for both reproductive processes (Abra- 
hamson, 1980). Where both vegetative and sexual reproduction occur simul¬ 
taneously, the vegetative offspring develop quickly to maintain the local 
population. Sexual reproduction, on the other hand, provides for many di¬ 
verse propagules which can colonize other microenvironments or sites. 


DISPERSAL 

Dispersal means scattering or dissemination. Seed dispersal is the dis¬ 
semination of propagules by the plant. Theoretically, if it is to be successful, 
dispersal should place a seed in a location that allows a greater likelihood of 
survival than its location with the parent plant. Weed seeds can be dispersed 
in space and through time. Dispersal in space involves the physical move¬ 
ment of seeds from one place to another. Harper (1977) indicates that the 
amount of seed falling on a given unit of area is a function of several factors: 
(1) height and distance of the seed source, (2) concentration of seed at the 
source, (3) dispersibility of the seed (appendages, seed weight, etc.), and 
(4) activity of dispersing agents. Wind, water, animals, and humans are the 
usual agents by which weed seeds are dispersed spatially. Dispersal in time 
refers to the ability of seeds of many species to remain in a dormant condi¬ 
tion for a period. Thus the success of a species is enhanced by dormancy if, at 
some time in the future, the seedling will be placed in a microenvironment 
more favorable for survival than if germination were to proceed im¬ 
mediately. 


Methods of Seed Dispersal in Space 

Most seeds without any adaptive features for dispersal tend to migrate as 
an advancing front. The greatest concentration of seed generally falls below 
or only a short distance from the parent plant and dispersal decreases with 
increased distance away. The absence of seeds and seedlings under parents 
appears to be a function of initial seed dispersal and seedling mortality. As 
shown in Figure 3.4, the product of the two factors, dispersal and mortality, 
is a seedling recruitment surface indicating the optimum distance between 
neighboring plants of the same species (Cook, 1980). The result of this 
interaction is a creeping of infestation across a given area. The recruitment 
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Figure 3.4 The recruitment of new genotypes as a function of the numbers of 
dispersed seeds and the probability of juvenile survival. (From Cook, 1980, in 
O. T. Solbrig (Ed.), Demography and Evolution in Plant Populations; repro¬ 
duced by permission of Botanical Monographs, Blackwell Scientific Publica¬ 
tions, Oxford, U.K.) 


effect is also noticeable with seed adapted for wind dispersal when it occurs 
against the prevailing winds. 

Many weed species possess well adapted appendages to assist in dispersal 
(Figure 3.5). As demonstrated in Figure 3.4, the ability to move markedly 
increases the likelihood of survival by removing the individual from sources 
of parental-associated mortality. Nevertheless, the amount of widely dis¬ 
persed seed per unit of area is relatively low. Therefore, plants from seeds 
that have been widely dispersed tend to colonize as isolated individuals, and 
only after high densities are reached do they begin to spread as fronts. 

Wind. Seeds dispersed by wind can have several distinct forms. They can 
be dusts (such as orchid seed or fungal spores), winged, or plumed. Winged 
seed may be adapted for gliding, such as most coniferous seed, or for rotat¬ 
ing, such as maple. Of particular interest are the plumed seed characteristic 
of many plants of the family Compositae (Figure 3.5A—D), for example, 
Canada thistle ( Cirsium arvensis), meadow salsify (Tragopogon pratensis ), 
yellow starthistle ( Centaurea solstitialis), and dandelion ( Taraxacum 
officinale). Seeds of the plumed type are relatively heavy compared to prop- 
agules that occur as dusts or spores and ordinarily would not float in air. 
However, these species have a specialized featherlike structure, the pappus , 
attached to the seed coat, which allows dispersal by wind. Harper (1977) 
indicates that in Compositae the influence of a pappus on dispersal velocity 
of a seed is best correlated with the ratio of pappus diameter to achene 








Figure 3.5 Fruits and seeds of some weeds showing modification for dissemi¬ 
nation. A, common dandelion (Taraxacum officinale)-, B, meadow salsify 
(Tragopogon pratensis )> C, yellow starthistle (Centaurea solstitialis ) ; D, 
Canada thistle (Cirsium arvensis ) ; E, red-stem filaree (Erodium cicutarium ), F, 
curly dock (Rumex crispus) } G, beggar-ticks (Bidens frondosa)-, H, wild oat 
(Avena fatua)-, I, sandbur (Cenchrus pauciflorus)-, J, five-hooked bassia (Bassia 
hyssopifolia); K, cocklebur (Xanthium canadense ). (Compiled from Robbins et 
al., 1941, Weeds of California.) 
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Poppus diameter/achene diameter Achene wt / pappus wt 


Figure 3.6 (a) The relationship between the ratio of pappus diameter to 
achene diameter and the terminal velocity of the achene-pappus units of se¬ 
lected Compositae. (b) The relationship between the ratio of achene weight to 
pappus weight and the terminal velocity of the achene-pappus units of selected 
Compositae. Ca, Ciisium arvense (Canada thistle); cp, C. palustre; Ct, Car- 
duus tenuiflorus (slenderflower thistle); Cv, Carlin a vulgaris; Ea, Erigeron 
acer ; Ec, Eupatorium cannabinuni; Hr, Hypochaeris radicata (spotted catsear); 
La, Leontodon autumnalis (fall hawkbit); Sa, Sonchus arvensis (perennial 
sowthistle); Sj, Senecio jacobaea (tansy ragwort); So, Sonchus oleraceus (an¬ 
nual sowthistle); Ss, Senecio squalidus; Sv, S. vulgaris (common groundsel); 
Svis, S. viscosus (sticky groundsel); To, Taraxacum officinale (dandelion); Tf, 
Tussilago farfara (coltsfoot); Tp, Tiagopogon porrifolius (common salsify). 
(From Sheldon and Burrows, 1973; reproduced by permission of the Trustees of 
New Phytologist .) 


diameter rather than with the ratio of achene weight to pappus weight 
(Figure 3.6c and b). Weed species in Figure 3.6a that produce achenes with 
high ratios of pappus to achene diameter have slower terminal velocities, 
stay in the air longer, and therefore disperse farther than species with low 
ratios. Species such as Canada thistle (Figure 3.6c) that are well adapted for 
dispersal in wind may have small seeds, a large pappus, or both. 

For all systems of wind dispersal, increasing the height of release brings 
an immediate reward in enhanced dispersal (Harper, 1977). For example, 
the flower stalk of dandelion exhibits very plastic growth and elongates 
significantly, especially after flowering. This is interpreted as an effective 
way to augment the role of the pappus in achene dispersal. The interesting 
thing here is not only that greater height increases dispersal but also that 
many weeds apparently have evolved mechanisms to make their seed struc¬ 
tures higher. 

Water. Many kinds of weed seeds, even those without special modifi¬ 
cations, are readily dispersed by water. Irrigation is a very important factor 
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Table 3.2. Estimated Number of Seeds Passing a Point on a 12 ft Irrigation 
Ditch 


Species 

Common Name 

Seed Number 0 

Amaranthus retroflexus 

redroot pigweed 

1,280,448 

Chenopodium album 

common lambsquarters 

1,302,912 

Helianthus petiolaris 

prairie sunflower 

44,928 

Polygonum convolvulus 

wild buckwheat 

157,248 

Rumex crispus 

curly dock 

89,856 

Setaria viridis 

green foxtail 

44,928 

Taraxacum officinale 

dandelion 

10,355,904 

Source: Eddington and Robbins (1920), 

“Based on actual seed catches on a 4.14 in. 2 trap for 15 min. 


in the spread of weeds throughout most areas of the western United States. 
Eddington and Robbins (1920) found a total of 81 different species of weeds 
in 156 seed catches from irrigation ditches in Colorado. Some of the most 
common species and the amount of seed caught are listed in Table 3.2. It 
is apparent that large numbers of seed can be dispersed in this way. 

Weed seeds differ in their ability to float in water, although this depends 
somewhat on the water condition and manner in which the seeds alight upon 
it (Robbins et al., 1942). Eddington and Robbins (1920) found by dropping 
100 seeds of 57 different species into water that most weed seeds floated very 
well. In their study only two species, stinkgrass ( Eragrostis cilianensis ) and 
haresear mustard ( Conringia orientalis), floated poorly; that is, less than 20% 
of their seeds floated. There are also various adaptations of fruit and seed 
which aid water dissemination. For example, the fruit of curly dock ( Rumex 
crispus) and arrowhead ( Sagittaria spp.) have corky wings which make 
them buoyant. 

Animals. Well known are the various forms of hooks and barbs that are 
the outer seed covering of many weed species (Figure 3.5G-K). Such ap¬ 
pendages are particularly well developed in families such as the Compositae 
and Boraginaceae and in some Gramineae (King, 1966). Many of these 
“armed” seeds and fruit attach to the fur of animals and are thus dispersed 
over a potentially large area. Some small seeds such as those of crabgrass 
(.Digitaria sanguinalis ), St. Johnswort (Hypericum perforatum), and Ber- 
mudagrass ( Cynodon dactylon) simply lodge temporarily in the hair of pas¬ 
turing animals. Crafts (1975) notes that medusahead (Taeniatherum as- 
perum) and St. Johnswort distribution throughout much of the grazing areas 
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Figure 3.7 Electron micrographs of caryopses of two varieties of rice. Micro¬ 
graphs by F. D. Hess and D. E. Bayer, University of California, Davis. Figure 
described in the text. 


of the Sacramento Valley and Sierra Nevada mountains of California initially 
followed cattle and sheep trails. 

A less obvious but equally well-known method of seed dispersal by ani¬ 
mals is from the incompletely digested remains of fruit that has passed 
through the digestive tract. If the animal eats and digests the seed, a loss of 
dispersal results, but if it eats the fruit and passes the seed in feces, a 
possible gain in dispersal occurs. Harper (1977) and King (1966) present 
numerous examples of seed dispersal by birds, rodents, and large ruminants. 
In addition, the animal simply may move the seed passively from one area to 
another or collect and store the seed; in this case dense seedling stands may 
emerge if a seed cache is buried (Harper, 1977). 

Humans. The role of humans in dispersal of weed seed is especially well 
developed in agriculture. However, dispersal of seed is clearly a quality 
selected against by humans in their crop breeding and harvesting opera¬ 
tions, since only that portion of a seed crop that has not fallen to the ground 
can be harvested. Figure 3.7 represents electron micrographs of two variet¬ 
ies of rice. The caryopses on the right are dislodged and dispersed readily 
whereas those on the left can be removed only by physically stripping the 
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panicles. The rice variety depicted on the left in Figure 3.7 is a commercial 
rice variety in California, whereas the one shown on the right was never 
developed as a crop because of its seed shattering characteristics. Thus 
morphological adaptations that allow seed shatter and dispersal may help 
ensure species success of weeds, but are undesirable traits in crops where 
seed characteristics aiding collection are more desirable. 

Many weed species that grow in close association with certain crops, 
mimics as discussed in Chapter 1, have some proportion of the seed that 
shatters and falls. In this way the site continues to be occupied by succeed¬ 
ing generations. However, some seeds also remain with the parent plant and 
are harvested with the crop. This combination of dispersal mechanisms 
tends to assure and maintain the crop/ weed association since the weed seed 
is usually replanted with the crop. 

Bamyardgrass ( Echinochloa crus-galli) is known to consist of many differ¬ 
ent populations based on panicle morphology and phenology. Three distinct 
varieties of this grass have been identified in the rice-growing region of 
California (Barrett and Seaman, 1980). These are E. crus-galli var. crus- 
galli, E. crus-galli var. oryzicola, and E. crus-galli var. phyllopogon (Figure 
3.8a, b, and c, respectively). E. crus-galli var. crus-galli and var. oryzicola 
mature early and the caryopses usually have shattered from the panicle by 
rice harvest. E. crus-galli var. phyllopogon apparently germinates later or 
has a longer life cycle than the other two varieties of bamyardgrass, so that it 
rarely has shattered completely by the time rice is harvested. Dispersal of E. 
crus-galli var. phyllopogon, therefore, occurs as the panicles are stripped by 
the harvester. Because the life cycles of the three varieties overlap to some 
degree, some seed of each variety occur with the harvested crop. However, 
most of the seed of E. crus-galli var. crus-galli and var. oryzicola remain in 
the field whereas the largest proportion of E. crus-galli var. phyllopogon 
seed occurs with the crop seed. It is also interesting that some cultural 
practices in rice production, such as high water levels and certain her¬ 
bicides, are believed eventually to favor the occurrence of £. crus-galli var. 
phyllopogon over the other two bamyardgrass varieties. 

Often elaborate attempts are made to break the weed seed/crop seed 
association by various “seed cleaning” techniques. These methods often take 
advantage of differential seed coat morphologies between crop and weed. 
Examples are the removal of dodder ( Cuscuta sp.) seed from alfalfa by iron 
filings exposed to electromagnets, weed screens to remove bamyardgrass 
from rice, and various winnowing procedures in cereals. Harper (1977) indi¬ 
cates that corncockle ( Agrostemma githago), which produces large tubercu- 
late seed, can be removed readily from grain by screening and is no longer 
considered a serious problem for that reason. 

Another way in which man has attempted to control the unwanted dis¬ 
persal of weed seed is through governmental regulation. Most states and 
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Figure 3.8 Three varieties of bamyardgrass [Echinochloa crus-galli) found as¬ 
sociated with rice in California, [a) E. crus-galli var. crus-galli ; (b) E. crus-galli 
var. oryzicola; (c) E. crus-galli var. phyllopogon. Photographs provided by E. J. 
Roncoroni and D. E. Bayer, University of California, Davis. 


countries maintain seed laws that specify maximum percentages of weed 
seed contamination allowed in an agricultural crop used for commerce. 
However, a very little seed dispersed with a crop in this manner can poten¬ 
tially infest previously unoceupied fields. In Table 3.3 we see that as little as 
0.25 /o dodder infestation in alfalfa seed could result in as many as 40,000 
dodder seedlings after sowing. 

Dispersal in Time 

Dormancy is an arrest in the development of seed embryos under exter¬ 
nal environmental conditions that are suitable for plant growth. It is, in 
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Table 3.3 Field Dodder (Cuscuta campestris) and Its Rate of Planting in 
Contaminated Legume Seed Sown at the Rate of 20 lb/acre 

Dodder Seed by Weight 

(%) ' 

No. of Dodder Seeds 
(per lb of Legume Seed) 

No. of Dodder Seeds 
(per acre) 

0.001 

, 8 

160 

0.010 

80 

1,600 

0.025 

200 

4,000 

0.050 

400 

8,000 

0.100 

800 

16,000 

0.250 

2,000 

40,000 


Note: There are 550,(K3Q to 800,000 dodder seeds/lb. 

Source : Klingman and Ashton, 1982, Weed Science: Principles and Practices. Reprinted by 
permission of John Wiley & Sons, New York. 


effect, dispersal through time and is especially critical for annual plants, in 
contrast to perennials, because the seeds of annuals represen t the only link 
between generations in those species. The extent of both ecological and 
physiological information on seed dormancy is vast (Taylorson and Hen¬ 
dricks, 1977; Roberts, 1972). The study of dormancy is fraught with 
difficulties, however, largely due to discrepancies in terminology and points 
of view of those interested in this area. Two approaches to seed dormancy 
are prevalent; one is concerned with ecological or demographic conse¬ 
quences of dormancy in seeds, and the other is concerned with the physio¬ 
logical mechanism for dormancy and dormancy breaking. Both approaches 
are important in understanding the evolutionary adaptations that weed seeds 
have developed to the agricultural environment. 

Seasonal versus Opportunistic Dormancy. If seed dormancy is ap¬ 
proached from a purely ecological, and perhaps teleological, viewpoint, it 
may be envisioned as being either seasonal or opportunistic. Let us consider 
an environment in which favorable characteristics for plant growth occur 
seasonally, and which includes a certain plant species having winter dormant 
seed. This means that dormancy breaking is keyed to some form of seasonal 
rhythm, in many cases daylength. Dormancy breaking and plant growth in 
response to a critical temperature probably would not be advantageous since 
a few days of early warm weather are followed in many areas by frost in early 
spring. A more reliable indicator of seasonal change would be daylength 
since it is a rather constant feature of the macroenvironment. This type of 
dormancy would be seasonal and is advantageous when the environment is 
reasonably constant from year to year. The disadvantage of seasonal dor- 
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mancy breaking is that seeds may not be developmental^ advanced enough 
to take advantage of especially good (early and warm) spring conditions. 

On the other hand, if the environment is not stable the solar clock is no 
longer closely linked to changes in conditions, and synchrony to it is of less 
adaptive advantage. For example, rainfall in the desert, the occurrence of 
fire, or major soil disturbance may make conditions favorable for seedling 
growth; however, the timing and duration of these events can be rather 
unpredictable. Some plant species have adapted to take advantage of such 
unpredictable environmental situations through opportunistic dormancy. 
Consider weed seed present in the soil but buried too deeply to germinate 
and successfully establish seedlings. An event such as deep plowing, which 
would bring these seeds to the surface, would allow successful germination 
and establishment if the seed could respond in an opportunistic manner to 
the environmental conditions present. Seeds that were seasonally dormant 
could not germinate even in conditions favorable for growth unless the 
appropriate environmental cues were present. 

The advantage of seasonal dormancy is its predictable nature, whereas the 
advantage of opportunistic dormancy is responsiveness. It must be pointed 
out that these two concepts are not mutually exclusive for a single species. 
When met with an unfavorable environment, species with seasonal germina¬ 
tion requirements often have opportunistic dormancy imposed upon them. 
A fundamental problem exists with this approach to seed dormancy, how¬ 
ever, in that it only defines a general strategy for dormancy and its control. A 
more valuable approach is the physiological description of dormancy and 
“biological trigger” of dormancy breaking, since the conditions within the 
embryo are what finally determine when a seed will germinate. 

Innate, Enforced, and Induced Dormancy. Harper (1959, 1977) has sug¬ 
gested that some seed are “bom dormant” (innate dormancy), some “achieve 
dormancy” (induced dormancy), and others “have it thrust upon them” (en¬ 
forced dormancy). These three categories, although appearing to have an 
ecological basis, are actually derived from the morphological and physiologi¬ 
cal properties of seeds that govern dormancy. Cook (1980) has described 
effectively how these three categories may exist in seeds at different times. 
According to Cook: 

Innate dormancy describes the condition of the seed while on the 
mother plant and during dispersal that prevents viviparous germination 
of the embryo. Nearly all plants display some form of innate dormancy 
and there is usually considerable variation in the duration of this dor¬ 
mancy on a given plant. Sometime after dispersal a seed may have its 
innate dormancy replaced by induced dormancy wherein the seed may 
be imbibed but germination is prevented by some inhibitory factor of 
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the environment. This type of dormancy is capable of'persisting even 
after the removal of the external conditions because an internal dor¬ 
mancy has been induced. The failure of seeds to germinate dming en¬ 
forced dormancy is due to some direct limitation of the environment 
which, upon removal, leads to germination. 

Innate dormancy may occur because embryo development is not ad¬ 
vanced enough to allow germination or because of the presence of chemical 
inhibitors in the fruit or seed coat which prevent germination. Most seeds 
are dormant at dehiscence and many others are dormant throughout matura¬ 
tion. This suggests the presence of internal germination inhibitors that must 
be degraded or removed prior to germination. The exclusion of necessary' 
environmental factors by certain morphological characteristics, especially of 
the seed coat, also may account for dormancy of this nature. 

Of particular interest to weed scientists is somatic polymorphism, the 
production of seeds of differing morphologies and/or behaviors on the 
same parental plant. This process is a consequence of divergent cellular 
differentiation and represents different outcomes of the plant’s allocation to 
seed output. According to Salisbury (1942) and Harper (1964), somatic poly¬ 
morphism is rather widespread among seed populations of weed species, 
especially in the families Gramineae, Compositae, Chenopodiaceae, and 
Cruciferae. Such polymorphism among seed generally is viewed as a mecha¬ 
nism to enhance species survival through the utilization of differing habitats. 
Some examples will illustrate the occurrence and importance of this process 
to weed species. A thoroughly examined case is that of the two seed types of 
cocklebur ( Xanthium spp.) which are encased in the fruit and dispersed 
together. The upper seed, in contrast to the lower one, often fails to germi¬ 
nate when wetted so that at least a year separates the germination of the two 
types. According to Taylorson and Hendricks (1977), the rates of oxygen 
diffusion into the two types of seed are similar. Apparently, dormancy in 
Xanthium involves the presence of a different water-soluble germination 
inhibitor in each seed type to which the testa are impermeable. The pres¬ 
ence of oxygen causes degradation of these two inhibitors and subsequent 
rupture of the seed coat, but apparently at very different rates in the two 
types. Thus at least two batches of seeds are present in each generation to 
assure germination in the event that the immediate environment happens to 
be unsuitable. 

Another example of somatic polymorphism is found in common larribs- 
quartei s (C henopodium album ) and was studied by Williams and Harper 
(1965). These researchers found that an individual plant of common lambs- 
quarters produces different types of seeds which are categorized into two 
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Table 3.4 Seed Characteristics of Individual Common Lambsquarters 
(Chenopodium album ) Plants 


Seed 

Wall 

Thickness 

Seed 

Size a 

Reticulation 

of 

Production/ 

Individual 

Germination Requirements 

Color 

(n-) 

(g) 

seed coat 

(%) 

Cold Nitrate 

Season 

Black 

60 

1.13-1.33 

+ or - 

97 

+ + 

spring only 

Brown 

16 

1.55-1.59 

+ or — 

3 

- - 

none 


Source: Williams and Harper (1977). 
a 1000 seed weight. 


groups on the basis of seed color, size, coat characters, proportion of total 
seed production, and germination requirements (Table 3.4). Harper (1977) 
indicates that the ratio of black to brown seed is probably environmentally 
controlled, as polymorphism is in other genera, since a cline in proportion 
of the two seed color morphs exists across Great Britain. However, brown 
seeds from C. album rarely exceed 3% of the total seed produced by a 
parent, and they are the first seeds to be produced by the plant (Haiper, 
1977). The brown seeds of C. album represent a highly opportunistic strat- 
egy, whereas the black seeds are more seasonal and predictive in behavior, 
This range of germination responses allows the species considerable buffer¬ 
ing against sudden selective forces, such as tillage or frosts, that might 
disfavor substantially a single phenotype. Cook (1980) describes additional 
work by Karrsen (1970) and others on the differential seed morphologies of 
C. album and their relationship to seed dormancy. Karrsen observed that 
the degree of seed dormancy in C. album was inversely related to size and 
depended on the thickness of the outer seed coat layer. This observation also 
is supported by Williams and Harper (Table 3.4), who observed large seeds 
to have thin seed coats. Based on these and other data, Cook (1980) indicates 
that selection for seed persistence in the soil should be favored by a decrease 
in seed size and a relative increase in seed coat thickness because a propor¬ 
tional decrease in seed size greatly increases the strength of the seed coat 
relative to the growth force of the embryo during germination. 

Harper (1977) believes that seed and dormancy polymorphisms are so 
common among weed species that it is dangerous to ascribe to a species any 
particular germination regime. This seed variability must be considered 
when one is attempting to stimulate maximum dormancy breaking of weed 
seed for subsequent seedling control, since usually only a portion of the 
seeds germinate even under optimal conditions. Furthermore, earlier or 
later germinating phenotypes may be favored inadvertently by such mea¬ 
sures taken to germinate and control the most typical or abundant poly- 
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morph. In determining responses to control measures, weed scientists 
should be cautious of possible polymorphic differencs within the weed 
species they are testing. 

Enforced dormancy is the state of dormancy that is maintained by the 
absence of environmental conditions necessary for germination. Key factors 
for maintenance of seed dormancy by enforcement are the need for oxygen, 
unsuitable temperatures, or lack of moisture. The role of adequate moisture 
in dormancy breaking is especially important during the period just prior to 
and during germination. This is a period of high metabolic activity in the 
seed. Many seeds cannot maintain high rates of respiration until the seed 
moisture content approaches about 14%. Thus in dry soil seeds remain 
dormant. Interestingly, seeds can withstand severe conditions (-300°F) 
when dry but often are highly sensitive to temperature when moist enough 
for germination. 

Germination also depends on adequate supplies of oxygen since plant 
tissues are predominantly aerobic. The percent oxygen found in soil depends 
on soil porosity, depth, presence of microorganisms, and the amount of soil 
moisture. The germination response of numerous weed seeds to the partial 
pressure of oxygen is shown in Figure 3.9. Species shown in Figure 3.9 that 
normally occur in areas of high soil moisture generally have low oxygen 
requirements for germination, whereas those that grow on better-drained 
soils tend toward a higher requirement for oxygen. Soil compaction may 
enforce a similar germination response to that of waterlogging by its effect on 
available oxygen in the soil profile. The amount of oxygen in the soil also is 
inversely proportional to carbon dioxide concentration, since respiring seeds 
and microorganisms produce carbon dioxide as they use oxygen. Under 
waterlogged conditions carbon dioxide concentrations in soil can range from 
5 to 15%, in contrast to 0.03% in air. Thus carbon dioxide narcosis, rather 
than oxygen starvation, may be responsible for enforcing dormancy on 
buried seed of weed species normally found on well-drained soils. 

Induced dormancy is the state after the seed is released from the parent 
in which germination does not occur even when external conditions are 
favorable for it. Clearly, dormancy breaking in this situation is a function of 
the internal environment of the embryo rather than external environmental 
conditions. However, the internal requirements for dormancy may have 
been created by a severe external constraint. The so-called hard seededness 
of many legume species in response to drought demonstrates this concept. 
The hilum of legume seeds acts as a hygroscopic valve which is activated 
during dry conditions to allow water loss (Figure 3.10). Hyde (1954) trans¬ 
ferred seeds of white clover (Trifolium repens) to chambers of differing 
relative humidity and measured the moisture content of the seed following 
each transfer. He found that under humid conditions water was not allowed 




Alopecurus myosuroides ___ Aveno fatuo xxxxxxxxxxxx 

(blockgross) * (wild oat) 


Rumex obtusifolius 
(broodleof dock) 


Golium oparine 
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Motricorio chomomillo 


Poo onnuo 
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Figure 3.9 The germination of seeds of various weeds in relation to partial 
pressure of oxygen. (From Mullverstedt, 1953). 



Figure 3.10 Changes in moisture 
content occurring in white clover 
(Trifolium repens ) seeds trans¬ 
ferred successively to chambers of 
different relative humidity. (From 
Hyde, 1954). 
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to enter the seed but under dry conditions water vapor.could escape. The 
embryo, therefore, dried to nearly the same water content as the driest 
environment to which the seed was exposed. Following this treatment, the 
seed could not imbibe water until the seed coat was broken. By scarifying 
these hard seeds, Hyde found that imbibition would occur (Figure 3.10), 
thus causing the drought-induced dormancy to be broken. 


GERMINATION AND ESTABLISHMENT 

Because of the large reproductive allocation common to most weed 
species, a large number of propagules, either seeds or vegetative organs, are 
produced and dispersed to the soil. Unquestionably, many of those propa¬ 
gules become seedlings or ramets. Germination, the transition from seed to 
seedling or bud to ramet, is perhaps the most critical phase in the develop¬ 
ment of a plant. Certainly in terms of stand establishment of either weed or 
crop, successful germination is of critical importance. Thus we remember 
the old adage in reference to sowing five seeds per hill, "One for the rook, 
one for the crow, two to die, and one to grow. In spite of the importance of 
this sequence of development, very few studies have been undertaken that 
attempt to integrate the occurrence of dormancy breaking with environmen¬ 
tal factors that allow stand establishment. Since the seedling and early ramet 
stages are of critical importance for weed survival, a greater emphasis should 
be placed on understanding the environmental factors that influence those 
stages. Most pest management strategies against insects or plant pathogens 
are directed at the critical (most susceptible) life phase of the pest organism. 
This approach also should be taken with weeds. The timing and amount of 
weed seed germination undoubtedly influences the spectrum of species 
within a weed community. In the event that weed control is required, 
germination also may influence the amount of control received, as well as 
the composition of the weed population afterward. 

It is difficult to separate the environmental factors that influence dor¬ 
mancy breaking from those that are necessary simply for germination to 
proceed. The conditions influencing germination, dormancy breaking, or 
both include light, temperature, soil moisture, aeration, and pH. In addi¬ 
tion, different species have different optima for each factor in relation to each 
process. For example, Figure 3.9 demonstrates the differential oxygen re¬ 
quirement for germination for various weed species. Substantial evidence 
also exists demonstrating that many species of weeds have developed 

ecotypes with different germination optima for the same environmental 
factors. 
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Light Requirement for Germination 

It has been known for some time that many plant species have a light 
requirement that must be met before germination can occur. This criterion 
is especially true for seed of weed species. Saur and Struik (1964) speculated 
on the ecological significance of this phenomenon after noting the differen¬ 
tial emergence of weed species from soil samples collected at night beneath 
various stages of old-field succession. Since open habitats produced abun¬ 
dant seedlings, Saur and Struik suggested that a light-flash mechanism for 
dormancy breaking may assist pioneer plants in exploiting disturbed en¬ 
vironments. 

Wesson and Waring (1969a) did a similar experiment by taking soil sam¬ 
ples at night from beneath an established pasture. After discarding the top 
two centimeters, they separated the samples by depth and attempted to 
germinate the seeds in them under regimes of light or darkness. Little 
germination occurred in the dark, whereas the soil in the light produced 
many weed seedlings. They also dug small pits (5, 15, or 30 cm deep) in the 
same pasture at night and covered some with opaque asbestos, covered some 
with glass, and left some uncovered. The numbers of seedlings that emerged 
in each case are shown in Figure 3.11. In their experiments, germination 
absolutely required light. An additional distinction in germination response 
was observed between glass-covered and uncovered holes, indicating that 
germination could be enhanced by increased temperature but that it was not 
essential for dormancy breaking. In further studies, using freshly collected 
seed (Figure 3.12), Wesson and Waring (1969b) observed that most of the 
weed species tested displayed no light requirement as fresh seed. However, 
if seeds from the same species were buried for 50 weeks, a light requirement 
was always noted for germination (Figure 3.12, B and C). Some initial germi¬ 
nation was always evident following burial, but weed seeds that did not 
germinate within the first few weeks after burial would not germinate until a 
light requirement had been fulfilled. Thus burial actually appears to induce a 
light requirement in many weed seeds soon after dispersal which maintains 
them in a condition of dormancy for as long as they are buried. 

It is interesting to speculate on the ecological reason for the light require¬ 
ment of weed seeds. It is well known that most weedy species are most 
abundant and germinate best at very shallow soil depths (Table 3.5). Fur¬ 
thermore, a major cause of mortality is deep germination, which may pre¬ 
vent a seedling from reaching the soil surface (Schafer and Chilcote, 1970). It 
seems likely, therefore, that the light requirement may act as a highly pre¬ 
dictive indicator of disturbed areas suitable for colonization. The presence of 
light might indicate proximity to the soil surface, bare mineral soil, or the 
absence of an overstory canopy. 
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Figure 3.11 The number of seedlings to emerge per square meter from field 
plots at three different depths. (1) Plots uncovered; recorded after 5 weeks. (2) 
Plots covered with glass; recorded after 5 weeks. (3) Plots covered with asbes¬ 
tos (dark); recorded after 5 weeks. (4) Asbestos covers removed from treatment 
3 and replaced by glass. Emergence recorded for a further 3 weeks. (From 
Wesson and Waring, 1969a.) 


The light-stimulated germination of seeds is known to involve the phyto- 
chrome (P) system. In the majority of cases it is the photoconversion of P r 
(absorbs wavelengths of light in the red region) to Pf r (absorbs wavelengths of 
light in the far-red region) that stimulates germination; that is, red light 
stimulates P r -»P fr whereas far-red light stimulates P fr -^P r . Gradually, in the 
daik Pf r declines to a level below that needed for germination; thus an input 
of red light would be required to increase the level of P fr for germination to 
occur following a prolonged period of burial. In addition to providing a 
potential germinant with a clue about its position in or on the soil, the 


Figure 3.12 The germination of six weed species. A, in Petri dishes from the 

time of collection for 25 weeks, in light (o) and dark (•). B and C, buried in soil 
out-of-doors, for 50 weeks and then disturbed under controlled conditions, (a) 
Germination when the soil was brought into a greenhouse but not disturbed- 
b germination when the soil was disturbed in either light (o) or dark (•)- and 
c) further germination when seeds disturbed in the dark were moved to the 
light. In each case B shows weekly germination expressed as a percentage of 
e ungerminated seeds and C shows the same results as a cumulative percent¬ 
age. (From Wesson and Waring, 1969b). V 
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Table 3.5 Optimum and Maximum Depths of Emergence of Weed Seed 
from Soil 


Species 

Common 

Name „ 

Optimum 
Depth for 
Emergence 

(cm) 

Maximum 
Depth for 
Emergence 
(cm) 

Agrostemma githago 

Corncockle 

0.5 

10.0 

A. trifidu 


5.0 

12.5 

A. tinctoria 


1.0 

2.0 

Avena fatua 

Wild oat 

2.5 

17.5 

Capsella bursa pastoris 

Shepherdspurse 

0.5 

2.0 

Centaurea cijanus 

Cornflower 

0.5 

8.0 

Chenopodium album 

Common 

lamhsquarters 

0.5-1.0 

5.0 

Cirsium arvense 

Canada thistle 

1.0 

6.0 

Digitaria sanguinalis 

Large crabgrass 

1.0 

4.0 

Galium mollugo 

Smooth bedstraw 

1.5 

4.0 

Matricaria inodora 


0.5 

2.0 

Setaria faberii 

Giant foxtail 

0.5-1.5 

3.0 

S. viridis 

Green foxtail 

2.5 

7.5 

Sinapsis arvensis 


1.0 

6.0 

SteUaria media 

Chickweed 

1.0 

2.0 

Thlaspi arvense 

Field pennycress 

0.5 

2.0 


Source: King (1966), 


phvtochrome response may suggest the degree of community openness or 
presence or absence of an overstory canopy. Leaves of a canopy transmit 
considerably more far-red than red light (Figure 3.13). Most of the violet, 
blue, green, and red light intercepted by leaves is absorbed or reflected, but 
much of the far-red passes through to the soil surface below. Under those 
conditions most seed on the soil surface would exist in the P t condition and 
thus not germinate. This could account for the absence of continued weed 
germination in various crops after the canopy has begun to close. It also may 

explain why more weed seedlings often are found between rather than 
within crop rows. 

With many crop species, in contrast to weeds, a light requirement for 
germination is not apparent, for large-seeded crop species it is certainly 
advantageous to place the seed into the soil where water or other resources 
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Figure 3.13 Influence of shading 
upon wavelengths of sunlight pres¬ 
ent in various regions of a sugar- 
beet field. Within the rows (bot¬ 
tom two curves) there is much less 
attenuation of far-red than of 
the other wavelengths, so shaded 
plants contain a higher proportion 
of phytochrome in the P r form 
than do unshaded plants. (From M. 
G. Holmes and H. Smith, 1975. Re¬ 
printed by permission from Nature 
254: 512-514. Copyright © 1975, 
MacMillan Journals, Ltd.) 


are more readily available than on or near the soil surface. Therefore, a light 
requirement for germination may have been bred out of many crop species. 
Also possible, however, is that crop seed, once harvested from the parent, 
never receives enough darkness to induce dormancy fully. 

The Soil Seed Reserve 

The major component of the weed population found in most fields or habi¬ 
tats probably arose from seed previously deposited in the soil rather than by 
recent dispersal. For this reason we should consider the magnitude of the 
soil seed reservoir. The store of seeds in the soil is composed of those 
produced in the area (both recent and long-term production) and those 
dispersed from elsewhere. Harper (1977) visualized the soil as a seed bank in 
which both deposits and withdrawals are made. Deposits occur by seed 
production and dispersal, whereas withdrawals occur by germination, 
senescence and death, and predation. Storage results from the vertical dis¬ 
tribution of seed through the soil profile, with most weed seed occurring at 
the shallow depths. Table 3.6 indicates the numbers of seeds that have been 
found in soils of arable land or other types of habitats. The studies by 
Brenchley and Warington (Table 3.6) represent early attempts to estimate 
weed seed abundance in agricultural soil. The site examined was on the 
Rothamsted Experiment Station, England, in a field that had been planted 
continually to wheat for nearly 90 years. The amount of weed seed found was 
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Table 3.6 The Numbers of Seeds in Soils 

- 

Habitat Types 

Number of Seeds/m 2 

Source 

Arable land 

34,000-75,000 

Brenchley and Waring¬ 
ton, 1930, 1933 

Annual grassland 

9,000-54,000 

Major & Pyott, 1966 

Pasture 

2,000-17,000 

Champness and Morris, 
1948 

Early-successional fields 

1,200-13,200 

Oosting and Humphreys, 
1940; Livingstone and Al- 
lessio, 1968 

Tropical crop fields 

7,600 

Kellman, 1974b 

Tropical secondary for¬ 
est (5 years old) 

1,900-3,900 

Kellman, 1974b 

Tropical rainforest 

170-900 

Kellman, 1974b 

Prairie 

300-800 

Lippert and Hopkins, 

1950 

Forest stands 

200-3,300 

Oosting and Humphreys, 
1940; Livingstone and Al- 
lessio, 1968; Kellman, 
1974a 


Source: Cook, 1980, in O. T. Solbrig (Ed.), Demography and Evolution in Plant Populations. 
Reproduced by permission of Blackwell Scientific Publications Ltd., Oxford, U.K.. 


impressive (34,000-75,000 seeds/m 2 ) and represented at least 47 species. 
Almost two-thirds of the seeds were species of poppy (Papaver spp.). In a 
subsequent study, Brenchley and Warington (1945) found that differing fer¬ 
tility levels (manure) often were associated with different species composi¬ 
tion in the soil. However, the overall size of the soil seed reserve was found 
to remain relatively constant despite the use of various cropping systems, 
since most species could complete their life cycle between annual tillages. 

When the patterns of seed production, distribution, and storage through¬ 
out a successional sequence are studied, the general tendency noted is that 
early species contribute more seed to the seed bank than later ones. This 
pattern occurs even though late-successional species usually are on the site 
for a much longer time than are pioneers. It appears that a significant charac¬ 
teristic of weeds and other pioneer species is the ability to produce a large 
number of propagules. This strategy of high reproductive potential com¬ 
bined with dormancy allows the presence of a large and relatively constant 
soil seed reserve. In an environment where frequent disturbance is an evo¬ 
lutionary reality, the seed bank must act as a stabilizing factor that serves to 
ensure species survival and success. 
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Seed Longevity and Mortality 

Species vary considerably with respect to the longevity of their seeds. 
Weedy species are noted for the especially long-lived nature of their seeds. 
Information in this area has been from two sources: (1) long-term burial 
studies and (2) seed collection from soils with a history of no disturbance. 
Burial studies, such as those initiated by Beal (1911) and Duval (1902), 
generally agree with the later observations of Lewis (1973), who showed that 
seeds of grass and crop species succumb early whereas seeds of legumes and 
weeds remain viable for a long time (Table 3.7). In other studies summarized 
by Cook (1980), the species composition of seed has been determined in soils 
that have not been disturbed for a very long time. In all cases, viable seeds of 
weed and pioneer species were found beneath vegetation of substantial age, 
indicating that they had not been deposited recently. 

Perhaps the most interesting reports are those of the longevity of weed 
seeds found in archeological sites. Odum (1965, 1974) reports that annual 
agricultural weeds predominate in the ruderal soils beneath ancient human 
dwellings. Viable common lambsquarters (Chenopodium album) and corn 
spurry (Spergula arvensis) were discovered in soil associated with habita¬ 
tions known to be 1700 years old! This information also suggests a very long 
association of these weed species with humans and their endeavors. Table 
3.8 lists a number of weed species that clearly have evolved the capacity to 
remain viable for long periods of time while buried in the soil. 

Information also has been gathered about the longevity of stored seed 
versus that of seed occurring in the soil. In most cases, storage life is consid¬ 
erably shorter than seed longevity in the soil. Cook (1980) states that survival 
of seed stored in soil can be expressed as a negative exponential distribution, 
whereas shelf storage is best represented by a negative cumulative normal 
distribution (Figure 3.14). In other words, seeds in the soil initially decay 
faster, then decay of shelf-stored seeds increases so that the half-life of both 
types is about the same. Further decay is slow in the soil but quite rapid on 
the shelf. 

Unquestionably, the environmental conditions surrounding the seed dur¬ 
ing storage, either in the soil or on the shelf, affect seed longevity. Perhaps 
one reason for these observed differences in longevity is that often seeds in 
the soil are maintained in a dormant, yet imbibed, condition. Most seed in 
storage, while also dormant, are air dry. Villiers (1972, 1974) points out that 
dormant but imbibed seeds should be capable of many metabolic processes 
and are therefore able to repair damage to membranes and nuclear DNA as 
it occurs. It would appear that the dormancy mechanisms that prevent im¬ 
bibed seeds from germinating play an important role in the longevity of 
seeds of many weed species in soil. Furthermore, the mortality of weed 
seeds in the soil probably is caused by the breakdown of these dormancy 



Table 3.7 Percent Viability of Grasses, Legumes, and Weeds after Storage at Three Depths in Mineral Soil 
(Modified from Lewis, 1973). 
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Table 3.7 ( Continued ) 
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Source: Modified from Lewis (1973). 

"For legumes and weeds percent viability = % germination + hard seed. Seed of grasses could not be distinguished from decomposed organic debris after 
20 years of storage in soil. T = trace, less than 1%. 
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Table 3.8 Seed Longevities in Soil and Decay Rates of Populations 



Longevity 0 Decay rate* 7 

Species 

Common Name 

(years) 

(g) 

Chenopodium album 

Common lambsquarters 

1700 

0.105 

Thlapsi arvense 

Field pennycress 

30 

0.122 

Polygonum aviculare 

Prostrate knotweed 

400 

0.156 

Viola arvense 

Field violet 

400 

0.161 

Fumaria officinalis 

Fumitory 

600 

0.195 

Euphorbia helioscopia 

Sun spurge 

68 

0.206 

Poa annua 

Annual bluegrass 

68 

0.237 

Capsella bursa-pastoris 

Shepherdspurse 

35 

0.244 

Stellaria media 

Chickweed 

600 

0.252 

Papaver rhoes 

Com poppy 

26 

0.260 

Vida hirsuta 


25 

0.305 

Medicago lupulina 

Black medic 

26 

0.340 

Senecio vulgaris 

Common groundsel 

58 

0.340 

Spergula arvensis 

Com spurry 

1700 

0.340 

Ranunculus bulbosus 

Bulbous buttercup 

51 

— 

R. repens 

Creeping buttercup 

600 

— 


Source: Cook, 1980, in O. T. Solbrig (Ed.), Demography and Evolution in Plant Populations. 
Reproduced by permission of Blackwell Scientific Publications Ltd., Oxford. 

“Longevities from Harrington (1972). 

Decay rates from Roberts and Feast (1972). 


mechanisms resulting in unsuccessful germination and death, by predation, 
or by eventual senescence, rather than by viability loss associated with 
length of storage time as in dry seeds. 

Seed Longevity and Impact on Cropping Systems 

Of interest to weed scientists and other agriculturalists is not only that 
dormancy mechanisms exist for weed seed per se, but that the amount of 
time for which weed seed can exist in the soil without loss of viability is 
extensive. Seed longevity appears to be reasonably short for some species, 
especially grasses, but quite long for others. Given the long-term viability of 
seeds of many weeds, once an area of land is infested with them the potential 
exists for continued reoccupation over time. In terms of succession, the 
early, rapid colonization of disturbed sites by weeds may be due to long¬ 
term reserves of seeds in the soil that were deposited during previous distur- 
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Figure 3.14 The negative cumu¬ 
lative normal distribution of seed 
viability during shelf storage and 
the negative exponential distribu¬ 
tion of survival of seed in the soil. 
(From Cook, 1980, in O. T. Solbrig 
(Ed.), Demography and Evolution 
in Plant Populations. Reproduced 
by permission of Blackwell Sci¬ 
entific Publications, Ltd., Oxford, 
U.K.) 


bances or cultural manipulations (Table 3.6). Based on the extreme repro¬ 
ductive capacity of many weeds (Table 2.4), the successful establishment of 
even a few plants from this reservoir of seed could allow substantial infesta¬ 
tion in a few generations. 

Possibly the best way to handle the problem of weed seeds in the soil is to 
leave them buried in order to maintain dormancy and to allow their eventual 
death by predation or senescence. This approach constitutes a major change 
in most farming operations, however, in that tillage would have to be re¬ 
duced or even eliminated, and seed reserves in the top few centimeters of 
soil would have to be diminished. The no-tillage or minimum tillage systems 
of crop production now becoming popular in mueh of the midwestern 
United States may be approaching this level of weed suppression and weed 
seed reserve reduction. However, highly effective weed control is essential 
to a reduced tillage system, since even a few survivors can repopulate readily 
the upper portions of the seed bank. Given the constancy and long-term 
nature of the soil seed reserve, the resumption of tillage, for whatever reason 
and no matter for how short a time, probably would reestablish a flora similar 
to that which existed before the no-tillage regime was imposed. Burnside et 
al. (1981) have attempted to predict from weed seed burial studies those 
weed species most likely to revegetate farms currently practicing no-tillage 
agriculture in Nebraska. The statistical analysis of their seed longevity and 
viability data suggests that redroot pigweed (Amaranthus retroflexas), 
smooth groundcherry (Physalis subglabrata), and velvetleaf (Abutilon 
theophrasti) can persist long enough to establish once again on previously 
untilled areas. 
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Patterns of Emergence 

The germination of seeds involves the initiation of rapid metabolic activ¬ 
ity, embryo growth, radicle emergence, and finally emergence of aerial 
portions of the plant. Radicle emergence is used most often as a reliable 
indicator that germination has begun. Before the shoots emerge from the soil 
considerable underground elongation usually has occurred. This growth pat¬ 
tern is important for weeds because seeds of many weed species are adapted 
for shallow or surface germination. The survival of the seedling depends, 
therefore, on the ability of the primary root to extract moisture from increas¬ 
ingly lower levels in the soil profile. 

Shoot emergence patterns from the soil are varied but two principal types 
are recognized. Hypogeal emergence, typical of Leguminosae and 
Gramineae, occurs when cotyledons remain below the soil, and epigeal emer¬ 
gence, for example Asclepiadaceae, Umbelliferae, occurs when cotyledons 
are carried above the soil surface during emergence. Both methods of 
emergence are common for weed species. Monocots, in contrast to dicots, 
emerge from the soil with the shoot apex encased in a sheath, called a 
coleoptile. The position of the cotyledon and the degree of hypocotyl, 
mesocotyl, or coleoptile extension in monocots can influence the survival of 
seedlings (Figure 3.15). These factors also may play an important role in 
herbicide placement and differential selectivity among weed and crop 
species (Ashton and Crafts, 1980). For example, Dawson (1963) demon¬ 
strated that EPTC injury to barnyardgrass (Echinochloa crus-galli ) was 
markedly affected by the length of the coleoptile and, therefore, exposure to 
the herbicide. 

Salisbury (1961) recognizes two broad categories of germination behavior 
among weed species. In the quasi-simultaneous type of germination, a high 
percentage of seed germinate within a brief period of time (days), whereas 
the continuous type occurs when germination is prolonged for several 
months (Figure 3.16). The total percentage of germination may be similar in 
both cases, however. No doubt these patterns involve dormancy mecha¬ 
nisms, polymorphism, and environmental constraints already discussed. 
Also obvious in some circumstances and with some species are flushes of 
germination. These often occur after tillage or other disturbance, such as 
fire. Popay and Roberts (1970a, b) attempted to determine the cause(s) for 
the flushes of germination of two weed species, common groundsel (Senecio 
vulgaris) and shepherdspurse ( Capsella bursa-pastoris). They were able to 
characterize germination behavior in terms of seed age, light requirement, 
alternating temperatures, gas ratios, and fertility. However, these factors 
only partially accounted for the pattern of seedling emergence observed in 
the field. The physiological status and environmental conditions experienced 
by a seed during the afterripening process (the time from seed maturation to 
germination) are clearly important features of seed ecology. Germination is a 
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days after germination. Seeds planted at depths of from near surface to 3 cm. 
Note the elongation of the mesocotyl to regulate the depth of planting and to 
provide for the crown of roots at the coleoptile node nearer the surface of the 
soil. Seeds have been blackened to show up better. (From Hanf, 1944; in King, 
1966. Reproduced by permission of International Textbook Co., Glasgow.) 


complex affair warranting further study through which we may begin to 
understand the variations in seedling emergence patterns experienced in the 
field. 


The Safe Site Concept 

An enlightening approach to the study of germination and survival is that 
of the safe site. This concept, developed by Harper and others (Harper, 
1977; Harper et al., 1965; Sheldon, 1974), was derived from the observation 
that most seed present in the seed bank do not germinate, and of those that 
do, few survive. Harper (1977) defines a safe site as a zone that provides the 
following: 

1. Stimuli for dormancy breaking. 

2. Conditions for germination to proceed. 

3. Availability of resources for growth. 

4. Absence of hazards. 



















Germination (%) 
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Total 

germinations 


"Wild" Wallflower 
(Cheiranthus chieri) 
"quasi-simultaneous" type 
65% in 3 days 


Days From First Germination 

Figure 3.16 "Quasi-simultaneous" and "continuous" types of germination. 
(From Salisbury, 1961. Reproduced by permission of Collins Clear-type Press, 
London.) 


Factors included in the definition of a safe site are the placement of seeds in 
relation to the microtopography of the soil surface and the availability of 
water and other conditions necessary for germination. Also contributing to 
creating a safe site are various adaptations of seeds that may improve their 
chances for acquiring resources or being buried in the soil. Thus seed place¬ 
ment and germination in an appropriate safe site should enhance the survival 
of the resulting seedling. Unfortunately, it is difficult to determine the spe¬ 
cific criteria for a safe site until a seedling is actually present there. How¬ 
ever, a variety of techniques have been employed successfully to demon¬ 
strate the occurrence and variability of safe site requirements among 
species. These range from studies using artificial media to studies in field 
situations. 

With crops we create safe sites to enhance seed germination and seedling 
survival. However, weeds must either adapt to the safe site of the crop or 
develop mechanisms to avoid mortality. Some of these mortality-avoiding 
features have been discussed already; they include the light requirement for 
dormancy breaking and its relationship to soil disturbance, polymorphism of 
seed, and the hard seededness of many weed species. The abundance of 
nitrophiles (species that occur in nitrate-rich habitats) among weeds also may 
indicate an adaptation to increase the probability of seedling survival on 
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disturbed sites. There are numerous examples in which potassium nitrate 
stimulates germination of weedy species (Anderson, 1968). This is inter¬ 
preted not as a response to nitrogen but as a case of enzyme induction, or a 
signal for germination to proceed. 

Other weed species have adapted specialized seed structures to enhance 
germination. These structures include awns on certain grass species and 
filaree (Erodium spp.) which are hygroscopic and act to twist the fruit into 
the soil under alternating conditions of wetness and dryness. The pappus, 
common to many species of Compositae, also can become hygroscopic, col¬ 
lecting water to make a more desirable microsite for germination. Other 
species, such as plantain (Plantago spp.), maintain mucilaginous coatings 
around the seed which enhance water uptake and impede water loss. Harper 
(1977) describes in considerable depth studies demonstrating the occurrence 
of safe sites and specific characteristics of seeds that increase survival in 
these sites. As he says, the ability of a seed to find and secure a safe site can 
be modified somewhat (by selection) to enhance success on a species-to- 
species basis, but in general terms, it is a chance event. The ability of any 
species to occupy a site in abundance seems to be predominantly a function 
of the success of its ancestors in leaving well-adapted progeny (Harper, 
1977). 


The Risk of Death 

In relation to weed management, it is important to consider all chances 
for mortality as a seedling develops from a seed. The probability of mortality 
is sometimes called the critical risk of death, and it usually determines the 
initial weed density experienced in a field. As we have just discussed, each 
species of weed has a certain set of requirements for germination and sur¬ 
vival that are adapted to a particular safe site. Placement in an appropriate 
safe site minimizes the risk to survival. Certain cultural practices, such as 
annual tillage, may be viewed as a significant selective force, because mi¬ 
crosites (i.e., safe sites) are continually being formed or modified. For ex¬ 
ample, a certain number of weed seedlings should survive each year after an 
initial disturbance clears and stirs up the soil surface. However, some 
species, or populations within species, would be favored and others dis¬ 
favored by the same management practices. Eventually all the safe sites 
generated should become filled with surviving individuals of the best 
adapted genotypes. At that point, seedling saturation of the habitat has 
occurred, and no further recruitment of seedlings from the soil seed bank 
would be likely. Further germination would most likely result in death of the 
seedling due to unsuitability of the environment (no safe sites available). 
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Adopting a cultural practice designed to affect the safe sites of a particular 
component of weed germinants may have considerable value in reducing 
weed densities below the saturation density. In some cases, an economic 
threshold may even be obtained. An experiment by Selman (1970) serves as 
an example of how safe site modification can influence weed density. Sel¬ 
man, over an 11-year period, compared the levels of wild oat (Avena fatua) 
seedling survival in barley that resulted from either fall or spring tillage 
practices. During the first 7 years of his study, he observed that annual 
tillage in the fall prior to barley planting caused a progressive increase 
(1—>400 plants/m 2 ) in wild oat density. For the next 4 years the same field 
was cultivated in the spring and then planted with barley. The wild oat 
density decreased to 85 plants/m 2 the first growing season after spring tillage 
was implemented, and it eventually stabilized at about 5 plants/m 2 by the 
end of the study. These results reflect the value of a timely tillage as a means 
of reducing weed seedling density and the value of changing a cultural 
practice to disfavor existing adapted ecotypes. Since a flush of germination of 
wild oat occurs in both the spring and fall, an eventual buildup of the spring 
germinating wild oat ecotype might be expected, similar to that which oc¬ 
curred with the fall ecotype. For this reason, alternating tillage practices, 
and therefore barley planting dates, between fall and spring, might maintain 
the density of both ecotypes of this weed at a reasonable economic (low) 
level. 

For seedlings of perennial weeds the risk of mortality should be similar to 
that of seedlings of annual plants. However, the risk of death for ramets 
differs considerably. For regrowing ramets of perennial plants the most 
critical time for survival is during active growth immediately following new 
shoot initiation. During ramet production new shoots are not completely 
self-supporting; consequently, carbohydrate reserves in rootstocks are low¬ 
est at that time. Thus tillage, especially repeated tillage at appropriate inter¬ 
vals when carbohydrate reserves are continually being depleted, can have a 
substantial negative effect on ramet density. Agriculturalists have recom¬ 
mended for years to fallow and to till repeatedly areas infested with peren¬ 
nial weeds. The interval between cultivations varies among species, but 
cultivation is usually necessary every 3 weeks during the growing season for 
maximum carbohydrate depletion and ramet mortality to occur. Too great an 
interval between cultivations may, in fact, have a detrimental effect on weed 
control by stimulating ramet production and growth. Interactions between 
environment and cultivation can enhance ramet mortality as well. For ex¬ 
ample, considerable density reduction can result from a properly timed 
tillage which takes advantage of both carbohydrate starvation and adverse 
environmental conditions. In Table 3.9 we see nearly a 60% reduction in 
Johnson-grass (Sorghum halepense ) ramet density from a single properly 
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Table 3.9 Reduction in Johnsongrass (Sorghum 

halepense ) Ramet Survival from Tillage. 
Density (ramet/m 2 ) Determined July 22, 1974 

Tilled on Tilled on 

Not Tilled July 16, 1973 Sept. 20, 1973 

10.7 4.3 . 7.1 


Source: Radosevich et al. (1975). 


timed tillage in contrast to an untilled treatment. In that experiment, the 
July tillage allowed sufficient time before fall rains for desiccation of severed 
rhizomes to occur. 


PREDICTIONS OF WEED INFESTATION 

The value of determining the reservoir of weed seeds in the soil and the 
early fate of seedlings during establishment lies in being able to predict 
potential weed infestations. Using the demographic parameters of seed pro¬ 
duction and dispersal, seed reserve in the soil, rate of seedling recruitment, 
and expected mortality, it should be possible to identify the species 
and determine the expected density of weeds likely to occur on a site. Infor¬ 
mation about the ages of seeds that give rise to the majority of new seedlings 
also would contribute to such predictions of weed presence. 

An early attempt to predict the intensity of weed infestation was con¬ 
ducted by Naylor (1970) with blackgrass (Alopecurus myosuroides ), a serious 
annual weed problem in cereal production in Great Britain. This species was 
chosen for study because of its typically large seasonal fluctuation in density. 
Since previous study had shown that 90% of the new weed seedlings were 
derived from seed found 2.5 cm deep, Naylor sampled the soil for weed seed 
at that level. From the seed samples he was able to construct a weed predic¬ 
tive index (WPI) to estimate potential densities for the individual fields in his 
study. The WPI could account for 84—98% of the variation in field density of 
blackgrass. Thus potential or expected weed density could be predicted with 
reasonable accuracy. The most valuable information to the grower would be 
the influence of particular weed densities on crop yield and quality since the 
decision to control would depend on the maximum acceptable economic loss 
caused by a particular weed density. Although density is not the only crite¬ 
rion that determines interspecific competition and the need for weed control 
(see Chapter 6), the degree of weed infestation is most easily described and 
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control measures evaluated in terms of density. Therefore, it is of consider¬ 
able value to know how many of each weed species might be expected to 
emerge. 

With information about the component events that make up the life cycle 
of selected plant species, possible changes in population size and the mecha¬ 
nisms of population regulation can be predicted. Thus Sagar and Mortimer 
(1976) have developed a “working model” to examine the population dynam¬ 
ics of higher plants, especially weeds. However, the simplest form of their 
model does not include plants that reproduce vegetatively. In the model, 
depicted in Figure 3.17, two routes are presented by which an initial popula¬ 
tion of individual plants of size A x in generation G t may occur in the next 
generation ( G t + 1). The population in generation G t + 1 would be of size 
A 2 , and would arise from genets of population A x (Route I) or sometimes 
from survivors from the earlier population (Route II). Population A 2 may be 
larger, smaller, or equal to that of population A x . Route I represents plant 
establishment from seed, and Sagar and Mortimer divide it into five phases 
(B through F): the total number of viable seed produced by population A x 
(B), the total number of seed falling to the ground (C), the total number of 
viable seed present in the surface (D x ) and buried (D 2 ) seed bank, the num¬ 
ber of seedlings that germinate from the seed bank (£), and the number of 
plants that become established (F). They also indicate that invasion of seed 
dispersed from elsewhere (G) may occur, and contributions to phases C and 
D may result from that source. The model (Figure 3.17) also recognizes 
seven interphases (a through g) which represent the probability of, or num¬ 
ber of individuals, proceeding to the next phase. Thus interphase a repre¬ 
sents multiplication by seeds, interphase b is the loss that occurs between 
seed production and arrival on the soil surface, interphase c is the fate of 
seed on the ground, interphase d is the probability of a seed in' the seed bank 
germinating, interphase e represents the seedling fate after emergence, and 
interphase / is the fate after seedling establishment. Interphase g is con¬ 
cerned with the level of seed invasion from plants that occur off-site. Route 
II does not occur in annuals, but is important for biennial species and peren¬ 
nials that do not normally reproduce by vegetative means. 

In order to demonstrate the value of such a model to weed management, 
Sagar and Mortimer present several possible schemes for population reg¬ 
ulation in wild oat (Avena fatua). Beginning with a hypothetical population 
of 10 plants and using data from other sources, Sagar and Mortimer consid¬ 
ered both best and worst management options for this weed species. Figure 
3.18A represents a situation resulting from effective management in which 
severe population reduction of wild oat would occur. At each interphase, 
effective control of the weed population is achieved by (a) control of the seed 
output by choosing the most competitive crop, (Chancellor and Peters, 
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Figure 3.17 The generalized life table for a higher plant that does not have 
ramet production. Symbols are described in the text. (From Sagar and Mor¬ 
timer, 1976.) 


1970), ( b ) harvest before seed is shed and subsequent removal of straw 
(Thurston, 1964), (c) maximum exposure of seed on the soil surface (Wilson, 
1972), (d) sparse emergence from the soil (Thurston, 1961), and (e) high 
postemergence mortality (Chancellor and Peters, 1972). The combination of 
interphase values in Figure 3.18A was predicted by Sagar and Mortimer to 
cause a slight increase in population size ( + 0.018 plants) and contribution to 
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Figure 3.18 Life table for wild oat [Avena fatua ) in which (A) the population 
increase is projected to be low and (B) the population increase is projected to be 
high. N represents the buried seed bank. The sources of values are acknowl¬ 
edged in the text. (From Sagar and Mortimer, 1976.) 

the soil seed bank was 0.06% of the previously existing seed reserve. In 
contrast, Figure 3.18B represents a series of poor management options. 
According to Sagar and Mortimer the most rapid rate of population expan¬ 
sion arises from (a) minimal crop competition (Chancellor and Peters, 1970), 
(b) poor attempts at seed collection and trash destruction during harvest 
(Wilson, 1972), (c) incorporation of seed into the soil (Wilson, 1972), (d) 
maximum emergence (Marshall and Jain, 1967) and (e and f) no subsequent 
mortality. This interphase combination for the wild oat life cycle (Figure 
3.18B) resulted in a considerable increase in population size (+1424 plants) 
and the contribution to the seed bank rose to 80%. By comparing the two life 
tables for wild oat (Figure 3.18A and B), it is possible to see that greatest 
control (weed reductions) occurs at crop harvest (b), when seeds lie exposed 
on the soil surface (c), and by failure to emerge from the buried seed reserve 
(d). Clearly, for best management, control measures should be directed at 
those interphases of this weed’s life cycle. 
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SUMMARY 

Features of reproduction, dispersal, and survival that are most notable in 
weeds were presented in this chapter. Most weed species common to ag¬ 
ricultural land are annuals or herbaceous perennials. They have high rates of 
reproduction, and many are primarily, but not exclusively, self-pollinated. 
The combination of selfing and occasional environmentally controlled out- 
crossing allows for both maximum colonization of microenvironments and 
increase of successful phenotypes. The role of polyploidy in weediness also 
has been explored and may be an important consideration within certain 
taxonomic families. It appears that many weeds in the Gramineae and Com- 
positae may be polyploid annuals. However, this trend is not obvious in the 
overall flora of higher plants. 

High levels of vegetative reproduction also are characteristic of some 
weed species, and in this respect the bud reserve is similar to the soil seed 
bank. Perennialism is believed to be an important mechanism for site cap¬ 
ture following predictable but infrequent level or duration of disturbance. 
Aquatic species apparently allocate considerable resources, especially car¬ 
bon, toward vegetative reproduction, which also acts as a major dispersal 
mechanism for those species. In perennial species with both sexual and 
vegetative methods of reproduction, both systems seem to provide some 
evolutionary advantage. 

Seed dispersal can be spatial and/or temporal. Dispersal in space can 
occur by numerous biotic and abiotic mechanisms. The probability of sur¬ 
vival of a seed tends to increase with distance from the parent plant. At high 
densities weeds disperse as fronts, but at low densities they behave as iso¬ 
lated individuals. Dormancy is a mechanism to enhance survival over time. 
There are several categories of dormancy, and all seem to be important for 
the success of individual weed species. A notable feature of many weeds is 
the necessity for light as a prerequisite for dormancy breaking. Survival is 
usually greatest when seed are near the soil surface; thus the requirement 
for light apparently serves as an environmental indicator for germination. 
Somatic polymorphism also appears to be a rather widespread feature in¬ 
fluencing the dormancy of weed seeds. Seed polymorphism may be an im¬ 
portant consideration when timing control measures, since various poly¬ 
morphs potentially could be selected for in relation to their germination 
time. 

The amount of weed seed present in the soil is large and relatively con¬ 
stant over time. Many weeds are noted for their longevity in the soil. Such 
longevity may depend upon repair mechanisms within the seed as it exists in 
the dormant state and imbibed with water. Although complete depletion of 
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the soil seed reserve is unlikely, it may be possible to deplete successfully a 
portion of it and thus reduce seedling density. 

Differences among weed species in terms of reproduction, spatial dis¬ 
persal, germination, and dormancy are well known. Similarly, some of the 
factors affecting those processes and affecting the seed and bud reserves in 
the soil have been determined, especially for individual species. The evolu¬ 
tionary and agricultural significance of these processes and the factors affect¬ 
ing them are less understood. This seems to be an important area for re¬ 
search, since ultimately it might be possible to take advantage of these 
processes in order to suppress weeds, or at least to manipulate their popula¬ 
tions. Demographic models, which attempt to quantify these processes, are 
an important first step in understanding the dynamics of weed populations 
and in attempting to manage them successfully. 





Chapter Four 

Plant Growth 
and Interference 


Soon after germination the seedling plant must become independent of its 
parental resources that are associated with the seed. It must begin existence 
as an individual and begin to extract from its surroundings the resources 
necessary for life. The ability of the individual plant to obtain the light, 
water, and nutrients for growth often determines the success of that individ¬ 
ual in its environment. Successful individuals grow rapidly or large, develop 
through the various stages of their life cycle, and eventually are replaced in 
the environment by their progeny. The life cycle of unsuccessful individuals 
often is arrested before its completion, and death results. Therefore, plant 
growth, as well as the developmental phases that accompany growth, are 
fundamental to the understanding of plant function, that is, the manner of 
interaction within the environment. Thus it is not surprising that plant 
growth has been the object of extensive study by botanists and is the subject 
of extensive reviews. 

Weier et al. (1974) define plant growth as the gradual increase in size by 
natural development. This phenomenon encompasses almost all the disci¬ 
plines within the botanical sciences and is clearly beyond the scope of this 
work. However, numerous botanical texts are available that cover the sub¬ 
ject of plant growth from the elementary pbint of view to the complex. In 
this text we do not intend to review the general aspects of plant growth and 
development that are common to all plants, nor do we intend to present a 
detailed analysis of plant anatomy, morphology, or physiology, since several 
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excellent texts are available on those subjects. Rather, in relation to crops 
and weeds, we hope to consider growth as an integrated-feature of the whole 
plant that is living in its natural environment. Other plants also occur in the 
immediate environment of most individuals. Therefore, the concept of inter¬ 
ference between them is explored in this chapter since it may directly im¬ 
pede growth or development. 

INTERFERENCE 

In earlier portions of this book we have dealt with various aspects of 
weeds as if they existed in isolation. This, of course, is not realistic since 
most weed species usually occur in association with other plants, either 
crops or weeds. Therefore, it is necessary to consider the importance of 
weeds as neighbors in the agricultural or any other environments where they 
exist. Burkholder (1952) and later Odum (1971) have attempted to categorize 
the possible interactions that may occur among plant species growing to¬ 
gether. They have used a scheme in which the interaction is symbolically 
described as an effect on two populations. When the two populations are in 
contact the interaction is on ( + ), but it is " off” ( —) when they are apart. 
Table 4.1 lists all of the logically possible types of interactions between 


Table 4.1 A Complete List of All Biologically Possible Types of Interactions 
according to Burkholder (1952). When Organisms A and B are Close 
Enough to Participate in the Interaction, the Interaction is "On"; 
Otherwise it is "Off." Stimulation is Symbolized as +, No Effect as 
0, and Depression as - 


On Off 


Name of Interaction 

A 

B 

A 

B 

Neutralism 

0 

0 

0 

0 

Competition 

— 

— 

0 

0 

Mutualism 

+ 

+ 

_ 


Unnamed 

+ 

+ 

0 

_ 

Protocooperation 

+ 

+ 

0 

0 

Commensalism 

+ 

0 

_ 

0 

Unnamed 

+ 

0 

0 

0 

Amensalism 

0 

— 

0 

0 

Parasitism, predation, herbivory 

+ 

— 

_ 

0 

Unnamed 

+ 

- 

0 

0 


Source. P. R. Burkholder 1952, Cooperation and conflict among primitive organisms, Am. 
Sci. 40: 601-631. Reprinted by permission of American Scientist, journal of Sigma Xi. 
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populations. These general interactions among species or populations within 
species are termed interference, that is, the effect that the presence of a 
plant has upon the environment of its neighbors. As seen in Table 4.1, 
interference may be positive, negative, or neutral, and usually only the 
association between plants is described. The actual causes of interference 
may include consumption of limited resources, production of stimulants or 
toxins, predation, or protection. 


NEGATIVE INTERFERENCE 

Of the 10 possible interactions listed in Table 4.1, three represent the 
negative effects of association. These are competition, amensalism, and 
parasitism. Competition (— —) is defined by Barbour et al. (1980) as the 
mutually adverse effects of organisms (plants) which utilize a resource in 
short supply. Amensalism (0 — ) is similar, but refers to the interaction in 
which only one of the organisms (plants) is depressed whereas the other 
remains stable. Allelopathy, the inhibition of one plant by another through 
the release into the environment of selectively toxic metabolic by-products, 
is considered to be a form of amensalism. Parasitism (+ — and + 0) is a 
special form of negative interference because one plant lives in or on another 
and thus derives resources directly from its host. Neutral and positive associ¬ 
ations among plants are also possible, as seen in Table 4.1, but they are 
considered later in this chapter. 

Space and Resources 

At some point in development after germination, the plant either exhausts 
its parental supplies or becomes independent of them. Further growth de¬ 
pends on the seedling’s ability to extract the resources it needs from the 
environment. The consumable resources are light, water, nutients, oxygen, 
and carbon dioxide. These resources are in contrast to conditions such as 
temperature, which are necessary for growth and may favor or disfavor it, 
but are not consumed. The supply of resources may be unlimited in certain 
environments, but limitation is more common. Resource limitation can be 
caused by unavailability, poor supply, or the proximity to neighboring 
plants. The presence of neighbors can aggravate an already insufficient con¬ 
dition or create a deficiency where there was ample resource for a single 
individual. 

Because resource use is integrated within an individual and among plants 
in mixture, some workers have chosen to consider the impact of resources on 
growth as a single conceptual unit, called space. Thus space refers to the 
composite of all resources necessary for growth, as well as their interactions. 
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The concept of space as an integrative resource allows scientists to study the 
effect of proximity between individuals without concern-for the actual cause 
of the interaction. In this manner, the effect of individuals upon each other 
that share the same environment can be measured, since each must act as 
the biological indicator of “space’’ utilization for the other. However, 
whether to consider resource availability as a composite factor, such as 
space, or to consider resources independently depends on the information 
desired. For example, there are certainly situations in which the identifica¬ 
tion and supplementation of a single limiting resource has corrected a 
growth deficiency that may have been aggravated by the presence of neigh¬ 
boring plants. Thus at times it is advantageous to consider space and its 
implied resources as the object of interference, whereas at other times the 
influence of individual resources must be considered. 

Types of Neighbors 

Harper (1977) describes three distinct classes of neighbors that may occur 
in the field. These are parts of the same plant (leaves, branches, etc.), 
neighbors of different individuals, and neighbors of different taxa. All are of 
interest to plant population biologists, but the last two are of most impor¬ 
tance to applied ecologists, agronomists, and other land managers. 

Competition versus Other Types of Interference 

There is a general lack of consistency in the literature and among weed 
scientists concerning the terminology used to describe negative interactions 
among plants. According to Burkholder (1952), competition describes only 
one possible type of negative interference (Table 4.1). Implied in the term 
“competition” is the assumption that the supply of some resource is insuffi¬ 
cient for the unrestricted growth of the species in question. Furthermore, 
the species occupy similar niches so that the growth of both is affected by a 
reduction in the availability of the limiting resource. Unfortunately, compe¬ 
tition has also been used to describe the negative impact of one species upon 
another (e.g., weeds upon crop yields) without consideration of resource 
limitation. Thus it is possible in some studies that forms of interference other 
than competition are actually being measured, for example, amensalism 
(allelopathy). It is often difficult to distinguish between competition and 
amensalism since usually yield losses of only one species (the crop) are 
measured and often no attempt is made to identify the limiting resource. 

The terms competition and negative interference are often used inter¬ 
changeably. In this case, the implied cause of the interaction is the differen¬ 
tial abilities of plant species to usurp environmental resources. An abun- 
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dance of information has accumulated that implicates plant density, 
proportional relationships between species, and the spatial arrangement of 
individual plants as important parameters contributing to negative interfer¬ 
ence. These parameters are most important to consider in competition stud¬ 
ies, although they also may influence other types of interference. Because 
density, proportionality, and arrangement can dramatically influence the 
outcome of studies designed to measure yield losses of crops grown with 
weeds, we discuss these factors under the general topic of competition. In 
the following sections of this chapter, weed/crop interactions are discussed 
only in terms of their effects on plant growth responses. The impact of such 
associations on resource availability and the physiological mechanisms in¬ 
volved in the plant growth responses are considered in Chapter 5. 


COMPETITION 

Intraspecific competition is the negative interaction between plants of 
the same species. It is necessarily very intense since closely related individ¬ 
uals must exist in similar, if not identical, microenvironments (niches). 
Interspecific competition involves adverse interference among plants of dif¬ 
ferent species. Current evolutionary theory holds that selection pressure 
drives species within a community to utilize different parts of the environ¬ 
ment, with the result that competition is minimized. If this partitioning of 
the environment did not occur, coexistence would not be possible and 
species association within plant communities would not result. This one 
niche/one species concept is often called Gause’s competitive exclusion prin¬ 
ciple and was discussed in Chapter 2. It is derived from experiments con¬ 
ducted by Gause (1934), a microbiologist, in which closely related species of 
protozoa or yeasts were grown together. Although growth rates of both 
species usually were depressed initially, one species eventually dominated 
the mixture. Thus Gause concluded that species that obviously coexist in 
nature must evolve ecological differences, or coexistence would not be possi¬ 
ble. These experiments have been repeated with other organisms more 
complex than microbes and environments more heterogeneous than culture 
tubes. In such studies minor niche differences usually are found that permit 
coexistence and thus a release from some competition. 

Competition and Density 

Density is the number of individuals per unit of area. Likely units of 
measure are plants per square meter, plants per hectare, or plants per plot. 
Density is often used to describe the number of plants in a crop, tree, or 
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Seed sown per unit area 


■* 


Figure 4.1 Theoretical yield of biomass per 
unit area as a function of density of seed sown. 


weed stand. As density increases, a certain level of individuals is reached at 
which interference occurs between neighboring plants. Plants respond to 
density stress in two ways: through a plastic response of growth and/or an 
altered risk of mortality. Both types of responses may occur as a consequence 
of either intraspecific or interspecific competition or other forms of negative 
interference. 

Effect of Density on Growth. Figure 4.1 represents the typical growth 
response of a plant population to increasing density. Such data are obtained 
by sowing various densities of a single species and harvesting the total plant 
biomass (yield). With the passage of time plants that are growing at high 
density quiekly meet the stress created by the proximity of neighbors, 
whereas plants at low density do so only as the neighboring plants get 
bigger. At harvest it is apparent that total yield per unit of area has become 
independent of density. The yield per unit area is equivalent over a range of 
sowing densities because the amount of growth by individual plants de¬ 
creases as density increases. In its initial phase or at very low densities the 
yield of the population is determined by the number of individuals, but 
eventually the resource supplying power of the environment becomes lim¬ 
iting. This ultimately determines yield, irrespective of the plant density. 
Such a relationship between density and productivity is repeatable and oc¬ 
curs for a wide range of plant species and mixtures of species. This relation¬ 
ship has come to be called “the law of constant final yield.” 

It is also worthwhile to note that altering the level of available resource 
does not alter the relationship of density to productivity. As seen in Figure 
4.2, either increasing or decreasing the amount of resource may determine 
the ultimate amount of biomass production but does not affect its relation¬ 
ship to density. Furthermore, under high initial density ultimate yield may 
be determined by many small plants or, because of density-determined 
mortality, fewer larger ones. In either case, the yield per unit area is a 
constant feature of the environment. This environmental constancy is due to 
the characteristic nature of plant growth often referred to as plasticity , that 
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Seed sown per unit orea 


Figure 4.2 Influence of increasing the amount 
of a resource on the relationship of total yield 
per unit area to density of seed sown. N i, N 2 , 
and N 3 represent increasing increments of a lim¬ 
iting resource, for example, nitrogen fertility. 


is, the ability of plants to alter their size, mass, or number in relation to 
density or other environmental stress. In Table 4.2, the dry weight of indi¬ 
vidual redroot pigweed (Amaranthus retroflexus ) plants that were grown in a 
greenhouse at densities ranging from 1 to 35 plants per pot is shown. The 
total dry weight per pot (unit of area) was relatively constant, but weight per 
plant decreased dramatically (6.2-0.19 g) as density increased. Conse¬ 
quently, few plants per unit area generally means that they will be large 
plants. 

Space Capture. At any given density of a plant population, a characteristic 
size distribution of the individuals would be expected. One way to express 
this distribution would be the average size or weight (total weight per num¬ 
ber of individuals). An average value would be quite misleading, however, 
because normally very few plants would be found that reflect the average 
size. In most populations a size distribution of plants arises in which most are 


Table 4.2 Dry Weight Yield of Red- 
root Pigweed (Amaranthus 
retroflexus) as a Function 
of Density a 


Density 

(Plants/Pot) 

Dry Weight (g) 

Per Pot 

Per Plant 

1 

6.2 

6.20 

5 

6.9 

1.38 

15 

6.2 

0.41 

25 

6.2 

0.25 

35 

6.8 

0.19 


"Mean dry weight of four replicates grown in a 
greenhouse, Davis, California. 
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Plant dry weight (g ) 


Figure 4.3 The frequency distribution of individual plant dry weight in some 
mixed annual weed populations in an arable field in Northern Wales, n = 
number of individuals/0.5 m 2 approx. (1) Gramineae—mostly Poa annua; (2) 
Atriplex patula, (3) Polygonum aviculare; (4) all other species; (5) Stachys 
arvensis; (6) Stellaria media; (-7) Spergula arvensis; (8) Senecio vulgaris; (9) 
Polygonum persicaria and P. lapathifolium. (From Ogden, 1970.) 


suppressed and small, but a few are large and dominant. This distribution 
has been demonstrated by Ogden (1970) with several annual weed species 
(Figure 4.3). In all cases, relatively few plants make up most of the plant 
biomass. 

The place that an individual occupies within this hierarchy of size classes 
is apparently determined at a very early stage of development. This concept 
has been recognized as a principal component affecting competition between 
neighboring plants. A model developed by Ross (1968) and later presented 
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16 days 


20 days 


Figure 4.4 Diagrammatic model 
of the preemption of space (= re¬ 
sources) by developing seedlings. 
(From Ross, 1968). 


by Harper (1977) demonstrates this point. The model (Figure 4.4) illustrates 
the effect of the sequence of seedling emergence on space capture. In this 
figure the space requirements of 10 grass seedlings randomly placed in a flat 
over 10 consecutive days are shown. The space each seedling preempts, as 
shown in Figure 4.4, is proportional to its weight. Additionally, it is appar¬ 
ent that each plant in Figure 4.4 stops growing when its space is captured by 
its neighbors such that the last transplants are able to grow very little. The 
experiment by Ross as well as actual field observations in which the most 
competitive weeds appear to be the earliest to emerge indicate that the 
timing of emergence of a seedling population is more important than the 
spatial arrangement of the seedlings. 

A field study by Dawson (1965) also demonstrates the critical nature of 
space capture, or the capture of the implied resources that constitute space. 
In his study Dawson grew sugarbeets and lambsquarters (Chenopodium 
album ) together, and beginning at the time of sugarbeet germination manu¬ 
ally removed the weeds at weekly intervals until crop harvest resulting in 
plots with progressively longer weed free periods. Because the sugarbeet 
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emerged before the weed and space was plentiful, no effect was observed on 
either species for the first 3 weeks after planting. Thereafter, for approxi¬ 
mately 6 weeks, each increase in the weedfree period resulted in an increase 
in sugarbeet yield until a maximum yield was reached. After 9 weeks all the 
space was captured by the sugarbeets and further weeding was unnecessary. 
These observations suggest that critical times of interference occur among 
neighboring plants based on the time of emergence and physiological factors 
which govern growth. Also indicated is that if control measures are consid¬ 
ered for weed density reduction, the control should occur while there is still 
enough space available for capture so that unrestricted crop growth can be 
realized. 

Effect of Density on Mortality. Plants have an innate capacity for self¬ 
thinning as space available to them becomes more and more limited. This 
phenomenon was first noted by Yoda et al. (1963). It has been termed the % 
power law after the mathematical relationship between plant weight and 
density that occurs in response to thinning. It may be viewed as a lowered 
probability of survival as plant numbers at germination increase. In fact, 
growth suppression and the occurrence of weak individuals is probably a less 
severe case of the thinning phenomenon, since death is the most extreme 
response to stress. 

The fact that thinning is also an important factor determining yield is 
reflected in numerous agricultural and forest management studies. Thus 
agronomists often recommend certain seeding rates of annual crops and 
foresters suggest spacing distances between planted trees to avoid self¬ 
thinning or growth suppression. From the results of a spacing study, Oliver 
and Powers (1978) predicted that 50% suppression in ponderosa pine growth 
will occur in 40 years if trees are planted at 3.9 m 2 as compared to 11 m 2 
spacings (Figure 4.5). Furthermore, tree mortality increased significantly as 
the trees became more confined due to close planting. 

It is interesting that increasing the amount of a limiting factor, such as 
fertility, often enhances density-dependent mortality. This happens because 
the dominant plants in the density-dependent hierarchy of size classes con¬ 
tinue to capture most of the resource. Consequently, larger plants become 
more dominant whereas smaller plants become more suppressed or even 
die. A notable exception to this generalization is light. With this resource, 
increased levels of intensity allow increased survival of plants in all size 
classes. 

Effect of Density on Reproduction. The ultimate success of a plant 
species in colonizing a site must eventually be expressed in reproductive 
output, in order to maintain the population continually through time. The 
reproductive output of annual weeds is especially important since the seed 
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Figure 4.5 The effect of increasing den¬ 
sity (spacing) on the growth of ponderosa 
pine trees. Tree spacing has been cor¬ 
rected for density-dependent mortality. 
(Drawn from data from Oliver and Pow¬ 
ers, 1978.) 


represents the only link to the site between generations. Annual weed 
species apparently can utilize the density-related responses of plant growth 
(plasticity) and mortality to regulate and maintain a relatively stable repro¬ 
ductive output. 

In a greenhouse study, Palmblad (1968) examined the density responses 
of eight weed species: Bromus tectorum (downy brome), Capsella bursa- 
pastoris (shepherdspurse), Conyza canadensis (horseweed), Plantago lan- 
ceolata (buckhorn plantain), P. major (broad-leaved plantain), Senecio syl- 
vaticus (woodland groundsel), S. viscosus (sticky groundsel), and Silene an- 
glica. Seeds were sown by dropping them onto bare soil in 15 cm pots at 
densities ranging from 5 to 200 seeds per pot (55-11,000 seeds/m 1 2 3 ). The 
following observations were made: 

1. During the period from germination to flowering, all species except 
Silene anglica showed density-dependent death (Table 4.3). Al¬ 
though the magnitude of response varied by species, the greatest 
mortality always occurred at high densities. 

2. All plants at the lowest density survived and produced fruit (Table 
4.3). However, the probability that a surviving seedling would both 
flower and produce fruit decreased with increasing density. In addi¬ 
tion, C. canadensis , P. lanceolata, and P. major that survived the 
high planting densities of this experiment often remained vegetative, 
and thus did not flower or produce fruit until the following growing 
period. 

3. The amount of seed produced per species was relatively constant and 
independent of density (Table 4.3). At low density, most of the plants 
survived to produce an abundance of seed. At high seedling densi- 
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ties, self-thinning generally occurred and the surviving plants were 
fewer but larger than if there had been no mortality. The combina¬ 
tion of more and relatively larger plants at high density plantings 
usually resulted in similar seed production regardless of planting 
density. In the case of C. canadensis, P. lanceolata, and P. major, 
subsequent reproduction the next growing season by survivors that 
had remained vegetative enhanced the reproductive stability of those 
species. Even though seed output varied dramatically from species to 
species (Table 4.3), the total amount of seed produced per species 
was remarkably uniform across a 200-fold range of densities. 

This study by Palmblad illustrates how mortality and growth plasticity 
due to density can work together to ensure a reliable seed output from a 
weed community. There is also an important implication to weed manage¬ 
ment hidden within this example. Observations indicate that rarely are all of 
the weeds removed as a result of any control measure. Therefore, the few 
weeds that usually escape control measures will, by survival and subsequent 
plastic growth, continually replenish the soil seed reserve. Because of repro¬ 
ductive output, the density that can be tolerated for many weed species may 
be very low indeed. This suggests that a more realistic approach to weed 
management may be the determination of critical weed densities in terms of 
crop output rather than an attempt to diminish the soil seed reserve. 

Competition (Interference) and Mixtures of Species 

So far we have been concerned with density as it affects a single species. 
It should be stressed, however, that the principles discussed for populations 
of a single species also apply for populations in mixed stands. In fact, it is the 
mixture of species that is most common in nature. For both forestry and 
agriculture, continual invasion by other than crop species is a normal event, 
and species diversity appears to be the rule. 

Earlier we stated that in a competitive struggle for limited resources 
there is an apparent premium on early germination and growth. The grow¬ 
ing plant must preempt space, that is, resources, to itself, and success de¬ 
pends on the use of resources that are denied to a neighbor. Successful 
capture of resources depends on distance from neighbors and plant size. 
Increased size can result from either a faster rate of growth or a longer period 
of initial growth than a neighbor has. When two species are grown together, 
delaying the time of emergence of one influences markedly the relative 
contribution of each to the total output (dominance). However, such alter¬ 
ation in planting time or emergence date does not affect the final total yield if 
the contributions of both species are considered together. 
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Methods to Study Competition 

There are several methods by which the relationships of neighboring 
plants growing in mixed stands have been studied. These experimental de¬ 
signs include additive, substitutive, and systematic arrangements of species. 
Because of the complex nature of species to species interactions, experi¬ 
ments utilizing any of these designs usually involve only two species. 

Additive Designs In experiments using the additive design two species 
are grown together, for example, a crop and a weed. In this case the density 
of one species, usually the crop, is held constant while that of the other, the 
weed, is varied. Basically, this experimental approach is a form of bioassay 
with the crop species acting as the indicator of the aggressive ability of the 
weed species. This approach is used widely because of its relevance to many 
field situations where one species is established in an area at a fixed density, 
and the area is then “invaded” by another, 

Numerous experiments have been conducted using this design to assess 
the costs of weeds on crop yields. In general, a sigmoidal relationship (Fig¬ 
ure 4.6) exists between crop yield and weed density. Little loss in crop 
productivity is observed at very low weed density, but further increases in 
weed density cause sharp decreases in crop yield. Finally, a point is reached 
where additional increases in weed density do not proportionally decrease 
production by crops. Zimdahl (1980) reviews the yield losses of various crops 
associated with the density of certain weeds derived from numerous additive 
experiments (Table 4.4). In every case a clear law of diminishing returns 
exists; that is, as weed density increases crop productivity decreases to a 
point at which no further addition of weeds substantially decreases yields. 

Although this approach is used widely to assess competition (actually 
interference) and often can provide insight into the cost of weeds in terms of 
crop loss, it is difficult to determine the degree of interaction either between 



Figure 4.6 A schematic sigmoidal 
relationship depicting the effect of 
increasing weed density on crop 
yield. (Redrawn from Zimdahl, 
1980, by permission of the Interna¬ 
tional Plant Protection Center, Cor¬ 
vallis, OR.) 
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Table 4.4 Selected Studies Showing the Effect of Increasing Weed Density on 
Crop Yield. 


Crop 

Weed 

Weed 

density 

Percent Yield 
Reduction from 
Control 

Reference 

Sugarbeet 

Kochia scop aria 

0.04/ft of row 

14 

Weatherspoon 


(kochia) 

0.1 

26 

and Schweizer, 



0.2 

44 

1971 



0.5 

67 




1.0 

79 


Soybean 

Brassica kaber 

1/ft of row 

30 

Berglund and 


(wild mustard) 

2 

26 

Nalewaja, 



4 

42 

1971 



8 

50 




16 

51 


Soybean 

Xanthium 

1335/A 

10 

Barrentine, 


pensylvanicum 

2671 

28 

1974 


(common cocklebur) 5261 

43 




10522 

52 


Wheat 

A vena fatua 

70/yd 2 

22.1 

Black, 1958 


(wild oat) 

160 

39.1 


Wheat 

Setaria viridis 

721/m 2 

20 

Alex, 1967 


(green foxtail) 

1575 

35 


Cotton 

S ida spinosa 

2/ft of row 

27 

Ivy and 


(prickly sida) 

4 

40 

Baker, 1972 



12 

41 


Rice 

Echinochloa 

1/ft 2 

57 

Smith, 1968 


crus-galli 

5 

80 



(barnyardgrass) 

25 

95 


Com 

Setaria faberii 

0.5/ft of row 

4 

Knake and 


(giant foxtail) 

1 

7 

Slife, 1962 



3 

9 




6 

12 




12 

16 




54 

24 


Source: Zimdahl (1980). 


species or among individuals of the same species. Furthermore, it is impossi¬ 
ble, using this technique, to determine which species is the most competi¬ 
tive. Therefore, it appears to have limited value in predicting the ultimate 
outcome of weed/crop interactions. The value of the additive approach is the 
ability to determine directly the cost (crop loss) that is associated with the 
absence of weed control. 
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Substitutive Designs. Harper (1977), following the example of de Wit 
(1960), has proposed another design to assess competitiveness between 
species. This approach relies heavily on the concept of density-independent 
yield (the law of constant final yield) and the relative proportionality be¬ 
tween the species involved. The basic assumption of this approach is that 
yield in mixture can be determined from the yield of each species when 
grown separately. The substitutive design, or replacement series, requires 
that total density (species A plus species B) be constant and that the two 
species occur in varying proportions ranging from 0 to 1.0. Each species also 
must be grown alone to assess intraspecific competition. According to Har¬ 
per (1977), four basic models for interference are possible (Figure 4.7). 

Model I (Figure 4.7) describes a situation in which two possibilities exist: 


;o 

<v 

>- 




Figure 4.7 A variety of models for results of replacement series experiments 
for interference study. The vertical axis indicates some measure of plant yield 
and the horizontal axis represents the proportion (0-1.0) of the two species in 
mixture. See text for explanation of models. (Modified from Harper, 1977, 
Population Biology of Plants. Copyright © 1977 by John L. Harper.) 
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Sown proportion of two species 


Figure 4.8 The use of the replacement 
series to predict the number of generations 
for one species to displace another as a re¬ 
sult of interference. The predicted number 
of generations for the population to change 
is indicated by the dashed line. The solid 
diagonal line indicates the yield if both 
species had identical competitive abilities. 


(1) the density of the mixed population is so low that individuals do not 
interfere with each other. In this case the requirement for density- 
independent yield has not been met. (2) The density is great enough for 
interference but the ability of the two species to interfere with each other is 
exactly equivalent. Results depicted in Model I are interpreted to mean that 
both species make identical demands on environmental resources. 

Model Ila and b (Figure 4.7) is more usual in that one species provides 
more than expected to the total yield, whereas the other provides less than 
expected. This is the model for negative interference. In Model Ila, species 
A is more aggressive (competitive) for a resource than species B, and it 
eventually replaces species B under these environmental constraints. In 
Model lib, species B is the most competitive species. In Model III neither 
species contributes its expected share to the total yield. This is the case of 
mutual antagonism. Harper (1977) indicates that if each species damages the 
environment of the other more than its own, such a situation would exist. 
For example, species A might luxuriously consume water and thus hinder B, 
but species B might produce a toxin that inhibits the growth of A and thus 
prevent A from fully exploiting its advantage (Harper, 1977). 

In Model IV both species provide more to the total yield than expected. 
This could be a model for symbiosis (mutual gain by each species). It also 
could indicate the escape of each species from competition with the other. 
For example, the major growth of species A could occur during a period 
when species B was dormant or absent so that neither interfered with the 
demands of the other. 

The value of the replacement series approach is its predictiveness. Con¬ 
sider Figure 4.8 in which species A is more aggressive than species B (Model 
II). The dotted lines indicate the predicted number of generations for one 
species to replace the other in a mixed stand. For example, when 2% of 
species A and 98% of species B is the starting proportion, the output is 9- 
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10% species A. If the input toward the next generation were 9-10% species 
A, around 20% A would be the output, and so on. Consequently, six to 
seven generations would be required for species A to replace species B, 
given the greater competitiveness of species A. The replacement of one 
species by another may be seen by following the stair-step arrangement of 
dotted lines in Figure 4.8. This type of replacement event is important 
in determining dominance or species shifts under changing cultural prac¬ 
tices. 

Harper (1977) also indicates, after de Wit (1960), that a formal measure of 
aggressiveness of one species toward another can be derived from the results 
of a replacement series. This measure is called the relative crowding 
coefficient (RCC) and is summarized by Harper as follows: 


Relative crowding 
coefficient of A 
with respect to B 


Mean yield per 
plant of A in 
the mixture 


Mean yield per 
plant of B in 
the mixture 


Mean yield 
per plant of 
A in pure stand 


Mean yield per 
plant of B in 
pure stand 


The above relationship exists when the yield in mixture can be determined 
from the yield of each when grown separately. Therefore, it is most appro¬ 
priate for Models I and II shown in Figure 4.7. Large RCC values indicate a 
high degree of aggressiveness or competitiveness of one species relative to 
the other. 

If the combined yields of the two species in mixture cannot be predicted 
from pure stands of each (see Models III and IV in Figure 4.7), Harper 
believes the relative crowding coefficient to be an inappropriate measure of 
competitiveness. Relative yield (RY) would be more appropriate in this 
event: 


j^Y = Yield of A in mixture 
Yield of A in pure stand 

After calculating the RY for both species, the sum of the two gives the 
relative yield total (RYT). This is a particularly valuable calculation and can 
be used for any of the models in Figure 4.7, because it predicts whether the 
two species are making demands upon the same resource(s). RYT values of 
about 1.0 indicate that the same resource is being utilized by both species. 
RYT values less than 1.0 imply mutual antagonism, whereas an RYT greater 
than 1.0 suggests that the species avoid competition, make different de¬ 
mands on resources, or maintain a symbiotic relationship (Harper, 1977). 
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Figure 4.9 Diagram of 48 spoke Nelder plot with a rectangularity of 1 and a 
30% increase in area per plant per arc. (From Zedaker, 1981.) 

The disadvantages of the substitutive design are that under most field 
conditions crop densities are fixed and do not vary much. The replacement 
series is therefore ideally suited for greenhouse study, but is much more 
difficult and seemingly artificial under field conditions. However, it appears 
that a more accurate assessment of competitiveness can be achieved using 
the substitutive rather than the additive approach. In spite of the problems 
of establishing such experiments, field level replacement series would prob¬ 
ably prove very useful in assessing crop losses due to weeds. 

Systematic Designs. The concept of systematic designs was first consid¬ 
ered by Nelder (1962) for spacing studies involving single species. In such 
designs the plant density of interest is considered as well as the arrangement 
(rectangularity) of individuals in relation to each other. These designs (Fig¬ 
ure 4.9) consist of a grid of points, usually as an arc, with each point repre¬ 
senting the position of a plant. In addition, either the area per plant or the 
amount of space available to the plant (position) changes in some consistent 
fashion over the different parts of the grid (Nelder, 1962). Four designs were 
originally suggested. However, these have been modified by Bleasdale 
(1967), and two designs seem especially appropriate for interference study in 
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• x*x*x«x«x*x* x» 


Figure 4.10 Two versions of the parallel row arrangement for Nelder designs. 
[a] The number of plants per foot of row is shown on each line. This arrange¬ 
ment is particularly useful for crops grown at high densities, whereas the 
trapezoidal version [b] is useful for widely spaced crops, giving a constant 
number of plants in each row. Positions of crop and weed plants are repre¬ 
sented by • and x, respectively. (Modified from Bleasdale, 1967, Experimental 
Agriculture 3: 73-85, by permission of Cambridge University Press.) 


row crops. These are the “fan” design and the “parallel row” design. Both 
designs have the advantage of providing a wide range of plant densities 
without changing the pattern of arrangement. The parallel row design (Fig¬ 
ure 4.10) would be particularly useful in situations where equipment or 
other limitations require that crops be planted in rows. Interference be¬ 
tween species, that is, crop and weed, would be introduced by alternating 
weed and crop at a 1:1 ratio, as depicted in Figure 4.10 b, or any other 
suitable ratio, as determined by the researcher. 

Although Nelder designs have been used in a number of studies to deter¬ 
mine the influence of intraspecific competition on crop yields, this proce¬ 
dure has not been used widely to study interspecific interactions. An excep¬ 
tion has been in the area of intercropping systems where both additive and 
substitutive designs often present space and arrangement limitations. This 
technique, although potentially cumbersome in establishment, may be use- 
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ful for competition studies in row crops such as sugarbeet, corn, or vegeta¬ 
bles. Because these crops are planted in widely spaced rows, a definite 
spatial relationship necessarily exists among the individual crop plants. The 
systematic design, particularly the parallel row arrangement, can account for 
this obvious spatial relationship among crop plants. It also is possible to 
consider total plant density and the proportion of both weed and crop 
species in this design. Unfortunately, few studies exist that examine interfer¬ 
ence between weed and crop species using a systematic design. However, 
Huxley and Maingu (1978) have explored the use of systematic designs in 
intercropping systems, and considerable similarity should exist whether one 
is considering interference between weeds and crops grown in rows or the 
simultaneous production of two crops. 

Measurement of Competition (Interference) 

In order to measure competition and other types of interference some 
quantification of growth, that is, yield, of the species must be made. De¬ 
pending on the objectives of the study and type of design, it is sometimes 
enough to measure only “yield” of one species (usually the crop) and to 
express yield loss as due to the other species. Yield may be measured as seed 
or vegetative production, or as total biomass. Of most value are studies that 
involve the determination of yield for each species occurring in the experi¬ 
ment. However yield is measured, the data are usually collected once as a 
single destructive harvest. This single measurement of final yield is particu¬ 
larly useful in the study of competition in the field, and in many situations 
may be the only practical method of data collection. It provides a direct 
assessment of the abundance of harvestable commodity in the presence or 
absence of weed interference. 

Other studies of competition are concerned with the relative attributes 
between species that allow dominance of one species over another. In these 
experiments determination of differential growth (dry matter accumulation) 
between the species is used to assess the effects of competition within a 
specified environment. This procedure requires smaller and more frequent 
harvests than the single harvest approach. It is most applicable for green¬ 
house or controlled growth chamber studies but is not exclusive of field 
experimentation. This experimental approach is explored in more detail in 
the next chapter. 

The Theoretical Relationship of Spatial Arrangement, Time of 
Emergence, and Density to Competition 

Fischer and Miles (1973) have developed several theoretical stochastic 
models for competition between crop plants, arranged at the points of a 
rectangular lattice, and randomly located weeds. Their basic assumption 
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Table 4.5 The Effect of Varying Emergence Time, Expansion Rates, Crop 
Density, and Rectangularity on the Competitive Advantage of the 
Weed 0 


Rates of 


Radial 

Expansion Density of Weed’s Competitive 

(cm/day) Crop Plants Advantage (X) 

- (m~ 2 ) --- 

Crop Weed (10 ~ 4 /ab) , b/a = 1 b/a = 4 bia = 12 


0 

1 

1 

278 

0.52 

1.11 

3.16 

0 

1 

1.5 

278 

1.19 

2.50 

7.11 

-1 

1 

1 

278 

1.01 

1.77 

4.19 

-1 

1 

1 

400 

1.12 

1.89 

4.40 

-1 

1 

1 

202 

0.93 

1.43 

3.99 

-1 

1 

1.5 

278 

2.27 

3.99 

8.81 


Source: Fischer and Miles (1973). 

a A\\ values of competitive ability (A.) were derived from equation 18 of Fischer and Miles, 1973. 
Time lag refers to emergence. All symbols are discussed in the text. 


Time 

Lag 

(days) 

(M-) 


regarding interspecific competition is that as a plant grows from emergence 
its zone of exploitation continues to expand until it meets the circle of 
another plant, whereupon expansion ceases along all meeting radii. Ulti¬ 
mately, each plant establishes its own zone of exploitation, or “domain,” the 
field then being occupied by many non-overlapping crop and weed domains 
(Fischer and Miles, 1973). Based on the concept of space capture already 
discussed, it can be further assumed that the final yield (biomass) of each 
plant is proportional to the area of its domain. The simplest model proposed 
by Fischer and Miles considers only varying spatial arrangements of crop 
plants in relation to weeds. However, differential emergence times and rates 
of radial expansion also influence competition between neighbors and were 
considered in more general models. 

Table 4.5 predicts the degree of competitive advantage by weeds accord¬ 
ing to the models of Fischer and Miles (1973). In this table the effects of 
varying emergence time (|x), expansion rates for both crop and weed, and 
spatial arrangement on the competitive ability (X) of a hypothetical weed are 
compared. In Table 4.5, rectangularity refers to the crop pattern in a lattice 
where the symbols a and b represent its sides. Thus a ratio of b/a = 1 
corresponds to a square lattice and crop pattern, whereas b/a ratios greater 
than 1 represent various rectangular lattices and crop patterns. The expres¬ 
sion b/a, then, refers to a unit of area. The value (X) reflects the relative 
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advantage of a single random weed versus a crop plant in the lattice. When X 
equals 1, weed and crop have equivalent competitive abilities. 

Consistent with the “law of constant final yields,” the effect of crop den¬ 
sity has less influence on the competitive advantage of the weed than do 
other factors (compare X for lines 3, 4, and 5 of Table 4.5). The advantages to 
the weed of early emergence and rapid exploitation of the environment 
(growth) can be seen by comparing lines 2 and 3 to line 1 of Table 4.5. In a 
square lattice (rectangularity = 1) either factor approximately doubles the 
competitive advantage of the weed. This effect was less apparent for early 
emergence (time lag = — 1 days), but was consistent for rapid growth (radial 
expansion for weed = 1.5 cm/day) at high rectangularities. Thus rapid 
growth appears to impart greater competitive ability than early emergence. 
The final row of Table 4.5 demonstrates the effect of compounding both 
factors of emergence time and rapid growth. Depending on the spatial ar¬ 
rangement of the crop plants, a three- to fourfold increase in competitive 
advantage of the weed can be predicted from combining early emergence 
and rapid radial expansion in the weed species. These models also suggest 
that for maximum weed suppression, the crop should be planted in a square 
or triangular lattice arrangement. 

It must be emphasized that the models and predictions advanced by 
Fischer and Miles (1973) are almost entirely theoretical. However, some 
data are available, for example, those of Ross (1968) and Dawson (1965), 
which generally support the basic assumptions of Fischer and Miles on 
which the above predictions are based. Further experimentation with the 
specific intent of mathematical prescription is certainly necessary to test 
adequately the ideas conceptually advanced by Fischer and Miles. 

Predicting Crop Loss from Competition 

Unquestionably a vast amount of information has accumulated over the 
past 60 years which demonstrates the ability of weeds to reduce crop yields. 
Zimdahl (1980) summarized much of this effort in his review of weed and 
crop competition. Many studies have explored the impact of increasing weed 
densities on crop yield, and results from such experiments clearly demon¬ 
strate the law of diminishing returns (see Table 4.4 and Figure 4.6). Thus the 
general trend for yield loss, as shown in Figure 4.6, is highly predictable, 
but the actual weed densities at which economic losses occur are difficult to 
determine. This dilemma may be due in part to the manner in which experi¬ 
ments have been conducted and also to the inherent site and environmental 
variation that characterize an agricultural system. With some crops and some 
weeds, it seems that any weeds are too many, if maximum crop production is 
the only goal. However, since economic return is the objective of most 
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farmers, it is of considerable value to know the weed density at which 
economic losses in crop yield can be expected. It also would be of value to 
know when in the life cycle of the crop or general growing season such losses 
in yield occur. With this information, a farmer can determine whether or not 
and when to control the weeds in his fields. 

An Index of Competition. One attempt to predict the effect of weed 
density on crop yield was made by Dew (1972). He used data developed by 
other workers (Bell and Nalewaja, 1968; Bowden and Friesen, 1967) to 
develop an “index of competition” employing the technique of linear regres¬ 
sion. Thus Dew expressed the relationship between the yield of a given crop 
and the density of a competing weed as the following simple regression 
equation: 


y = a + bx (1) 

where y is the crop yield, x is the weed density, a is the y intercept (a 
constant), and b is the regression coefficient of y on x. Since b, as applied to 
this situation, is always negative, the simple regression equation may be 
rewritten as follows: 


y = a — bx (2) 

Because the yield y cannot be less than zero, it is clear from equation 2 
that as a approaches zero, the value of b must also approach zero, provided x 
remains unchanged and positive. This relationship of a to b also can be 
expressed graphically, and since that graph must pass through the origin, a 
simple regression coefficient (b{) for that line is given by the expression b\ — 
bla (Dew, 1972), which actually is the reciprocal of the x intercept from the 
above linear regression. Dew refers to the regression coefficient b\ as the 
index of competition, which is unique for each weed and crop association. By 
using the formula b x = bla. Dew was able to calculate the competitive 
indices for wild oat in several crops. These are 0.023 for wild oat in barley, 
0.034 for wild oat in wheat, and 0.060 for wild oat in flax. These values 
indicate that barley is the best competitor against wild oat, whereas flax is 
the least competitive against wild oat of the three crops studied. 

Dew (1972) further states that the competitive index ( b x ) can be used to 
predict potential crop loss due to weeds, when weed and crop populations 
and dates of emergence are known. In his paper Dew derives the following 
equation for crop loss (L): 


L - ab x VT" 
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where b\ is the calculated index of competition, a is the weedfree yield, and 
x is the average density of the weed. He provides the following hypothetical 
example of how the yield loss of wheat due to wild oat competition can be 
predicted from the equation above. He assumes that a wheat field is es¬ 
timated to yield 270 g/m 2 (40 bu/acre) and that an average of 45 wild oat 
plants/m 2 are found in it after crop emergence. Since b\ for wild oat in wheat 
is known, the amount of reduction in wheat yield can be determined. Thus 

L = 270 • (0.034) • V45 = 61 g/m 2 = 9.1 bu/acre 

The cost of cultural practices to control the weeds can then be assessed 
against potential yield reductions in the event of no control. 


AMENSALISM 

Sometimes the depressive effect of a plant upon its neighbors is so strik¬ 
ing that competition for a common resource does not seem adequate to 
explain the observation. In this case a dramatic mortality or decrease in plant 
biomass is usually evident for one species but not for the other. Such a 
condition is termed amensalism. One explanation for such observations is 
that some plants release into the immediate environment of other plants a 
toxic substance(s) (allelochemicals) which harms or kills them (Figure 4.11). 
This phenomenon has been called allelopathy, and is separated from other 
forms of negative plant interference in that the detrimental effect is exerted 
through release of a chemical by a donor plant. 

In terms of the plant responses to these types of negative interference, 
the existence of amensalism, and more specifically allelopathy, has become 
reasonably well-documented within the last several decades. However, as 
Putnam and Duke (1978) point out, there are several major shortcomings in 
this discipline which make it hard to differentiate allelopathy from other 
forms of negative interference, especially competition. These shortcomings 
include a general lack of nomenclature to describe adequately plant re¬ 
sponses that occur in this manner, a lack of techniques to separate allelo- 
pathic interactions from competition, and a failure to prove the existence of 
direct verus indirect influence via other organisms or microenvironmental 
modification. Nonetheless, a considerable body of information has accumu¬ 
lated implicating allelopathy as an important form of plant interference. It is 
obvious that such a trait exhibited among weed species could have significant 
adverse impacts on crop yield. Since crops also may produce allelochemical 
substances, the opportunity also exists to exploit allelopathy for weed con¬ 
trol. 
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TREATMENT 

Figure 4.11 Allelopathic influence of giant foxtail (Setaria fabeiii ) on com. 
Height (white bars), fresh weight (black bars), and dry weight (hatched bars) arc 
represented as a percentage of the control after 1 month's association. Treat¬ 
ments included com seedlings (A) started together with giant foxtail seedlings; 
(B) growing with mature live giant foxtail; (C) growing with whole dead giant 
foxtail plants; and (D) growing in contact with the material leached from giant 
foxtail residue which was cut and incorporated into the sand culture pots. 
Significant difference from control at 0.05 level is signified by *, and 
significant difference from control at 0.01 level is signified by **. (Reproduced 
from Bell and Koeppe, 1972, Agronomy f. 64: 321-325, by permission of the 
American Society of Agronomy.) 


Effects of Allelopathy 

The primary effects of allelopathy on crop production seem to result from 
an association with plant litter in or on the soil. Numerous naturally occur¬ 
ring chemicals are present in plant material, and when residues after harvest 
are left on the soil surface or plowed under, the chemicals can be released by 
rain or decomposition by microbes. Patrick (1971) and Rice (1974) describe 
numerous situations in which apparent phytotoxic substances are associated 
with the decomposition of plant residues (Table 4.6). In the case of plant 
residues, however, subsequent mortality or growth suppression do not have 
to be related directly to the release of a toxic organic substance from plant 
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Table 4.6 Influence of Water-soluble Substances Extracted from Different 
Plant Residues on Germination and Growth of Wheat Seeds 

Crop Residues 




Inhibition (%) 



Germination 

Root Growth 

Shoot Growth 

AC" 

No AC 

AC 

No AC 

AC 

No AC 

Sweet clover stems 

c b 

-3 rf 

-8 

58 

7 

24 

21 


H c 

-1 

-8 

51 

12 

10 

10 

Wheat straw 

C 

7 

5 

36 

7 

14 

21 


H 

-5 

-5 

18 

36 

7 

28 

Soybean hay 

C 

3 

-3 

80 

30 

66 

45 


H 

-1 

-5 

51 

39 

48 

45 

Oat straw 

C 

3 

10 

87 

64 

83 

76 


H 

-1 

-3 

84 

45 

79 

62 

Brome grass 

C 

1 

3 

71 

55 

48 

59 


H 

-1 

27 

71 

62 

52 

78 

Cornstalks 

C 

-7 

89 

75 

87 

62 

93 


H 

5 

38 

47 

75 

62 

83 

Sorghum stalks 

C 

9 

100 

87 

100 

86 

100 


H 

3 

72 

84 

82 

83 

93 

Sweet clover hay 

C 

64 

3 

95 

82 

90 

83 


H 

26 

100 

95 

100 

90 

100 

Mean 

C 

9.6 

24.9 

73.6 

54.0 

59.1 

62.3 


H 

3.1 

27.0 

62.6 

56.4 

53.9 

62.4 


Source: Guenzi and McCalla, 1962, Soil Sci. Soc. Am. Proc. 26: 456-458, by permission of 

the Soil Science Society of America. 

fl AC, autoclaving for 1 hr at 20 lb steam pressure. 

fc Cold-water soluble substances (extracted at 25°C). 

c Hot-water soluble substances (extracted at 100°C). 

^Negative sign indicates stimulation. 


material. Rather, the modification in microenvironment, for example, lo¬ 
calized alteration in soil pH or other conditions as a result of litter decompo¬ 
sition, could account for the phytotoxic response. Also possible is the release 
of a phytotoxic microbial product that accumulates as residues are degraded. 

Another source of allelochemicals is the production and release of toxins 
(secondary products) by growing plants that ultimately inhibit development 
of adjacent plants. However, this process does not appear to have as great an 
effect on yield reduction as litter leaching or decay. Two notable exceptions 
exist: juglone can be leached from black walnut (Juglans nigra), and certain 
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compounds are found in the leachates of Chrysanthemum morifolium (Kozel 
and Tukey, 1968). Putnam and Duke (1978) state that specific evidence for 
root exudation of growth inhibitory secondary compounds is limited. How¬ 
ever, indirect evidence exists that such exudation is possible, since it is well 
known that certain organic herbicides applied to one plant can injure adja¬ 
cent plants that do not have direct root contact to either the herbicide or the 
treated plant. 


Methods to Study Allelopathy 

A wide array of techniques have been proposed for study of allelochemi- 
cals. For the most part these include specific methods for toxin isolation, 
followed by bioassay to test for activity. Putnam and Duke (1978) list several 
methods proposed for the isolation of toxins, ranging from organic solvent 
extraction to cold-water infusion, and various bioassay procedures in which 
test plants are used to determine the presence of a toxin. Such isolation 
methodology is effective in establishing the existence of naturally occurring 
toxic substances, but care must be taken in interpretation of results. The 
toxin also must be released into the environment and be present at phy¬ 
totoxic concentrations to be considered allelopathic. Most straightforward 
are studies that use litter or crop residues directly. In these studies, either 
living or dead plant material is mixed in or placed on the soil for some period 
of time, after which the soil is bioassayed for allelochemical activity. 

Other assay techniques, in addition to toxin isolation and direct assay of 
litter, have been developed to detect the occurrence of inhibitory root ex¬ 
udates. These include using various media for growing plants, and examin¬ 
ing the media of “donor” plants for phytotoxicity to “recipient” plants. An 
appealing technique is the stair-step system for allelopathic study. In this 
system, donor plants and recipient plants are grown separately in sand solu¬ 
tion with the pots alternated in stair-step fashion (Figure 4.12). The soil 
solution is circulated from donor to recipient and back again a number of 
times. A recent innovation to this technique has been developed by Tang 
and Young (1982) in which an exchange column can be inserted between 
donor and recipient plants. Thus any substance exuded by roots of the donor 
can be isolated and bioassayed for phytotoxicity. In these experiments care 
always must be taken to assure that water, nutrients, or other conditions 
necessary for growth are never limiting. For example, Putnam and Duke 
(1978) point out that variability in the amount of light at each step of the 
staircase often is not considered. 

Unfortunately, it seems that most studies to date on allelopathy have 
been concerned with the event itself and less cncerned with the causal 
agent. Future research in this area must be designed specifically to prove 
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Figure 4.12 A schematic representation of the stair-step technique for the 
study of allelopathy. 


that a toxic substance is produced and that it accumulates or persists long 
enough at concentrations in the environment sufficient to inhibit develop¬ 
ment of other plants. With increasing sophistication in instruments for 
chemical detection, this goal may be realized soon. It is equally important 
that potential limiting factors or conditions other than allelopathy are 
identified in situations involving negative interactions among plants, in the 
event that phytotoxic substances or concentrations are not found. It is the 
failure to isolate, identify, and confirm these elusive chemicals as having 
allelopathic properties that allows skepticism. If they exist, they must be 
found. If they do not exist, what caused the response? 
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PARASITISM 

A parasite is a plant or animal living in, on, or with another living organ¬ 
ism (its host) at whose expense it obtains food, shelter, or support. Parasites 
can be obligate, surviving only in association with the living host, or nonobli- 
gate, living either saprophytically or on a living host. In addition, some 
parasitic flowering plants are called hemiparasites. These plants have 
chlorophyll but depend on the host plant for water and mineral nutrition. 

King (1966) states that most parasitic flowering plants occur in about 10 
families, but only four families contain the most troublesome species, that is, 
parasitic weeds. These are Cuscutaceae ( Cuscuta, dodders), Loranthaceae 
(Arceuthobium, Phoradendron, Viscum; mistletoes), Orobanchaceae (Oro- 
banche, broomrapes), and Scrophulariaceae ( Striga, witchweeds). The spe¬ 
cies in these four families represent the most important plant diseases in 
agricultural crops and forest trees that are caused by parasitic plants. All 
occur in the United States, except Viscum; however, Striga is found only in 
limited areas of North and South Carolina. The characteristics and economic 
importance of the various species within each genus have been described in 
detail by other authors (Gill, 1953; King, 1966; and Kuijt, 1969). For this 
reason we have chosen to concentrate on those features of parasitic plants 
that make them unique among the weed taxa. 

Adaptations of Parasitic Weeds for Dispersal and Germination 

Kuijt (1969) states that in order to survive, seedlings of parasitic plants 
must quickly find a suitable host plant. He notes that there appear to be 
three methods through which parasitic plants increase the probability of 
contact with their host. In a number of parasitic species, for example, dod¬ 
ders, the seeds are relatively large. Thus the seed has sufficient food reserve 
to allow the radicle to grow extensively while it is seeking a host plant. Gill 
(1953) indicates that a dodder seedling must find an acceptable host within 
4-9 days or it will die. Another mechanism for location of an appropriate 
host relics on birds for dispersal. Kuijt indicates that a precise mode of 
dispersal has evolved in such casesf which relies on birds to deposit the seed 
of the parasite, for example, Phoradendron on host branches. A similar 
mechanism of dispersal that ensures the same end is demonstrated by the 
propulsion of seed from the fruit of dwarf mistletoes (Arceuthobium) into the 
branches of the same or a nearby tree. The third adaptation for host location 
requires a biochemical exudate which is produced by the root of the host 
plant in order to initiate germination of the parasite seed. This require¬ 
ment for germination is most pronounced in Orobanche seed. A further 
adaptation for host location following germination is demonstrated by 
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Orobanche as well as by Striga. This is the chemotropic growth of the radicle 
of these parasitic species toward the root of their host plants. Although this 
feature of germination is probably highly evolved and acts to enhance seed¬ 
ling survival, it also may be used to obtain some control of these weed 
species. King (1966) notes that species of Striga can be induced to germinate 
by plant species that are not preferred hosts, that is, “trap crops. Since the 
trap crop cannot support the growth of the parasite, it acts to reduce the 
abundance of witchweed seed in the soil through seedling mortality. 

Physiological Characteristics of Parasitic Weeds 

Although many parasitic species of weeds contain at least some chloro¬ 
phyll, others do not. Some species that have chlorophyll apparently pho- 
tosynthesize to only a limited degree, for example, Cuscuta spp. and 
Arceuthobium spp., whereas others fix carbon nearly as well as other non- 
parasitic members of their families. However, experiments that utilize radio- 
actively labeled substances clearly demonstrate the passage of organic mate¬ 
rials from the host into the parasite. Such experiments have been conducted 
on a wide range of species and many genera, most notably on Striga (Rogers 
and Nelson, 1962), Phoradendron and Arceuthobium (Hull and Leonard, 
1964), Cuscuta (Littlefield et al., 1966), and Orthocarpus (also in the family 
Scrophulariaceae) (Atsatt, 1965). Other studies suggest that parasitic weeds, 
once attached to their hosts, can rely exclusively on them for sustenance. 
Thus witchweed ( Striga asiatica) can grow to maturity and set seed in total 
darkness, although Kuijt (1969) indicates that this is not the normal situation. 
By using the dual pot technique shown in Figure 4.13, Thurman (1965) was 
able to show that virtually all of the water and minerals could be supplied to 
the parasite by the host plant. 

The major organ of the parasitie weeds for attachment and penetration of 
the host tissue is the haustorium. The haustoria appear to be varied in 
structure according to species, but all have a similar function, that is, attach¬ 
ment and subsequent transport of materials from host to parasite. It should 
be noted, however, that some bidirectional movement of some materials, 
rarely photosynthate, can occur between parasite and host. Figure 4.14 
depicts the penetration of the haustorium of Cuscuta campestris (field dod¬ 
der) into a species of Impatiens. Since the hypha of the haustoria contact 
both xylem and phloem of the host plant, transport of water and minerals, as 
well as carbon compounds, is known to occur. However, the exact mecha¬ 
nism of these transfers is poorly understood. Additional studies by Fratianne 
(1965) and von Denffer (1948) on Cuscuta gronovii suggest that transfer of 
plant hormones between host and parasite also may occur. Thus flowering of 
many species of hosts and parasites appear to be in synchrony. 
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Figure 4.13 A dual pot experimental tech¬ 
nique to demonstrate water and mineral ac¬ 
quisition by a parasitic plant from its host. 
Drawing portrays Orthocarpus faucibarbatus 
(parasite) on Aroseris grandiflora (host). The 
haustoria are indicated by small circles. (From 
Thurman, 1965). 


In our review we found the subject of parasitic flowering plants to be 
diverse and highly descriptive. Fortunately, Kuijt (1969) has provided an 
excellent taxonomic and morphological review of parasitic plants. In addi¬ 
tion, King (1966) has summarized many of the characteristics of the parasitic 
angiosperms that are of greatest economic importance. It is apparent from 
these reviews that parasitic weeds often have a significant detrimental effect 
on their hosts, since direct removal of resources from them occurs. How¬ 
ever, in many cases a fine line appears to exist between parasitism and 
hemiparasitism. It also is apparent that many parasitic weeds have evolved 
closely with their host species, and this may be an avenue to explore to their 
management. Certainly the use of trap crops, as discussed earlier, is one 
approach. Perhaps other management techniques are also possible that take 
advantage of the close evolutionary association of parasitic weeds and their 
host species. More detailed studies concerning the mechanisms of transport 
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Figure 4.14 The haustorium of field dodder (Cuscuta campestris ) in the stem 
tissue oilmpatiens sp. (From MacLeod, 1962, B.S.E. Transactions 39: 302-305, 
by permission of the Botanical Society of Edinburgh.) 

and the substances transported in these plants may prove useful in this 
respect. 


POSITIVE INTERFERENCE 

It is obvious in nature that many plants grow in very definite spatial 
relationships to one another. Spatial patterns may be positive or negative; in 
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either case, interactions between plants are the directing force for such 
nonrandom groupings. It is also possible for plants to exert no influence on 
one another, a situation called neutralism. In this case, the distribution of 
the plants is random, occurring in no definite pattern. It is likely that neu¬ 
tralism rarely occurs unless the plants are too small or too separated to be 
within the sphere of influence of one another. 

Three of the interactions named in Table 4.1 are considered positive; that 
is, one or both partners are stimulated by the interaction (Barbour et al., 
1980). Commensalism occurs when one partner is benefited while the other 
remains unaffected (+ 0). Protocooperation results in both partners being 
benefited when the interaction is on (+ +) and neither being affected when 
the interaction is off (0 0). The third type of positive interaction listed in 
Table 4.1 is mutualism. Unlike commensalism and protocooperation, which 
are facultative or nonessential interactions, mutualism is obligatory and the 
partners are mutually dependent. Both partners are stimulated when the 
interaction is on (+ +) and both are depressed when it is 

off(- -)• 


COMMENSALISM 

Commensalism may be thought of as a one-way relationship between two 
organisms. In this type of association, only one organism is stimulated by the 
presence of the other and inhibited by its absence, whereas the other, or 
host, is unaffected. Common examples of commensalism are those in which 
the host organism serves as a surface for attachment and support or a means 
of shelter for the other organism, without itself being affected (Whittaker, 
1975). This organism that benefits gains physical anchorage or protection 
from the environment. 

Commensalism between plants is often encountered in the form of 
epiphytes, plants that grow on other plants. The epiphyte uses the host for 
mechanical support rather than as a source of nutrients or water that are 
supplied by humid air or rainwater. Many lower plants among the algae, 
lichens, and mosses commonly are found growing on the bark of trees. 
Examples of epiphytes among higher plants include herbaceous perennial 
plants such as some ferns, bromeliads, orchids, and cacti. These may be 
found growing attached to trees for physical support. 

The nurse plant syndrome is another type of commensalism between 
plants. In these cases, one plant generally is found growing in the shade or 
shelter of the host, or nurse plant. The host, usually a shrub or perhaps an 
adult form of a seedling plant being benefited, provides shade, protection 
from high temperatures, soil drying and frost, and sometimes protection 
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from herbivores (Barbour et al., 1980). This pattern of growth is exhibited by 
the saguaro cactus as well as several species of desert annual plants. In all 
these examples, the species that are positively associated with a host plant 
show no host specificity, nor is the host affected by the presence of the 
associated plant. In the case of desert annuals, in addition to providing 
protection, the shrub hosts act as a barrier to trap organic debris and there¬ 
fore provide a suitable substrate for growth (Muller, 1953; Went, 1942). 


PROTOCOOPERATION 

The above examples are rather specialized in nature, and no proven 
examples are found in the literature of commensalism occurring among 
weeds and crops. It is much more common that two plants that interact affect 
each other reciprocally. Such is the case with protocooperation, in which 
both organisms are stimulated by the association but unaffected by its ab¬ 
sence. An example of protocooperation that occurs among species in many 
different habitats is natural root grafts. Generally occurring between trees, 
these grafts allow a mutual exchange of photosynthate and other materials to 
occur (Barbour et al., 1980). In some instances, fungal hyphae (mycorrhizae) 
may link two or more trees together, thus facilitating the protocooperation 
(Woods and Brock, 1964). 

Another type of plant interaction frequently associated with negative 
effects is the exudation of materials from the roots of one plant and subse¬ 
quent absorption by the roots of another. However, this type of transfer, 
involving the one- or two-way movement of organic and inorganic metabo¬ 
lites, may be beneficial in some cases (Putnam and Duke, 1978). Leaching of 
metabolites from aboveground plant parts by rain, dew, and mist also was 
shown to be a source of movement of beneficial substances between plants 
(Tukey, 1966). Calcium, phosphorus, magnesium, and other inorganic nutri¬ 
ents, as well as carbohydrates, amino acids, and organic acids can be trans¬ 
ferred in this manner (Table 4.7). Some of the plants for which beneficial 
leaching of nutrients was demonstrated include many vegetable crops, 
grains, grasses, cotton, and tobacco (Tukey, 1966). Little work has been 
done, however, on the role of these beneficial associations in weed/crop or 
weed/weed interactions. Nevertheless, it is important to realize the poten¬ 
tial role of exudation and leaching in maintaining soil fertility and influenc¬ 
ing plant succession. 

Probably the most well-known form of protocooperation among plants is 
that which occurs in polycropping or intercropping situations. The practice 
of simultaneously planting two crops is in widespread use throughout the 
world, particularly in the tropics (Francis et al., 1976). A review of the 
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Table 4.7 Metabolites Leached from Plant Foliage 




Organic 


Inorganic 

Carbohydrates 

Amino Acids 

Organic Acids 

Boron 

Fructose 

Alanine 

Aconitic 

Calcium 

Galactans 

Arginine 

Adipic 

Chlorine 

Glucose 

Asparagine 

Ascorbic 

Copper 

Lactose 

Aspartic Acid 

Citric 

Iron 

Pectic substances 

P-Alanine 

Fumaric 

Magnesium 

Raffinose 

Cysteine 

Glutaric 

Nitrogen 

Sucrose 

7 -Aminobutyric acid 

Glycolic 

Phosphorus 

Sugar alcohols 

Glutamic acid 

Lactic 

Potassium 


Glutamine 

Maleic 

Silica compounds 


Glycine 

Malic 

Sodium 


Histidine 

Malonic 

Strontium 


Hydroxyproline 

Pyruvic 

Sulfur 


Isoleucine 

Succinic 

Zinc 


Leucine 

Lysine 

Methionine 

Phenylalanine 

Proline 

Serine 

Threonine 

Tryptophan 

Tyrosine 

Valine 

Tartaric 

Acidic glycosides 


Source: Tukey (1966). 


available literature on intercropping research reveals conflicting evidence 
about the advantages of this practice. Certainly such factors as plant density, 
spatial arrangement, stage of development, time of planting, and soil fertility 
must be considered in planning and evaluating results of intercropping ex¬ 
periments (Huxley and Maingu, 1978). Depending on the particular crops 
and environment, however, much evidence can be found to confirm that the 
growth and yield of certain crops may be greater when they are grown 
simultaneously than when they are grown as sole crops (Gliessman and 
Altieri, 1982; Putnam and Duke, 1978). This situation is depicted in the 
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Yields of components, Y^ and Yg 


Yield of mixture, Yg 



Figure 4.15 Effect of differences in the relative aggressiveness and sole crop 
yields of the components on intercrop yield. All yield curves were generated 
using the de Wit (1960) model. In all the 1 : 1 mixtures the LER = 1.3, but 
overyielding by the intercrop is found at this proportion only in a-c. Yields of 
components, Y A and Y B/ are indicated by solid lines; dashed lines represent the 
yield of mixture Y A + Yb. (Reproduced from Trenbath, Multiple Cropping, 
ASA Special Publication No. 27, 19 76, pp. 129-169, by permission of the 
American Society of Agronomy.) 


models of Figure 4.15. In the mixtures shown in Figure 4.15a, b and e, each 
component is affected less by interspecific competition than it is by 
intraspecific competition when grown alone; thus overyielding by the inter¬ 
crops occurs. 

The success of cropping mixtures usually is measured in terms of the 
“relative yield total” (RYT) or “land equivalent ratio” (LER). As seen earlier 
in this chapter, the relative yield of any crop is the ratio: 

Y _ Yield in mixture 
- Yield in pure culture 

Summing the relative yield values for the two crops in a mixture gives the 
RYT of that mixture (Harper, 1977). A term more often used by agronomists, 
the LER is essentially the same value as RYT; however, it is defined to be 
the total land required by the sole crops to yield the same amount as the 
intercrop mixture (Yadav, 1982). Intercrop mixtures where the RYT or LER 
= 1 are the result of the crops making similar demands on environmental 
resources. For these crops and conditions, there is no apparent yield advan¬ 
tage to planting mixtures. If the intercrop components exploit the environ¬ 
ment in different ways, then competition is avoided or minimized and RYT 
or LER > 1. 
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Although many explanations have been proposed for the successes of 
intercropping, only some of these have been substantiated experimentally. 
Yield advantages of intercropping often are attributed to complementary 
interactions between the component crops, resulting in a more efficient use 
of environmental resources. A field intercropping experiment to study the 
use of resources was conducted by Willey and Reddy (1981) on a pearl millet/ 
groundnut mixture. Partitions were placed in the ground between rows of 
millet and groundnut to eliminate belowground interactions between the 
crops. The final results of their study in terms of the LER for each crop are 
shown in Table 4.8. At the end of the season, the control intercrop had an 
LER of 1.22 as did the intercrop that was disturbed (dug out) but not 
partitioned. The partitioned intercrop had an LER of 1.19, indicating some 
reduction in the yield advantage when belowground interactions were pre¬ 
vented. In this partitioned treatment, the LER of millet was decreased and 
groundnut increased, relative to the control intercrop. Apparently millet 
benefits from the soil nitrogen available in groundnut rows; without it, the 
plants were somewhat pale from nitrogen stress. Thus belowground interac¬ 
tions were important in maintaining the competitive balance between these 
crops. However, it was concluded that the main determinant of the yield 
advantage in a millet/groundnut intercrop was the aboveground canopy in¬ 
teractions, presumably better use of light (Willey and Reddy, 1981). 

The role of nitrogen in intercropping was further studied by Yadav (1982) 
on pigeonpea/maize and sugarcane/blackgram mixtures. He examined the 
nitrate-nitrogen profile of the soil under these intercrops with two levels of 
added nitrogen. Table 4.9 shows the results of these experiments over a 3- 
year period. As evidenced by LER > 1, both the pigeonpea/maize and 
sugarcane/blackgram intercrops had higher yields than the sum of the re¬ 
spective sole crops. Furthermore, LER in all cases was greater at higher 
rates of added nitrogen. Soil analysis revealed that under the sole crops, 
more nitrogen was found in the deeper layers, apparently leached from 
interrow spaces. Nitrogen was greatly reduced under parallel-row inter¬ 
crops, however, even as deep as 30 cm, indicating better utilization of this 
resource by the crop mixture (Yadav, 1982). 

Many other explanations for the advantage of mixtures over sole plantings 
have been proposed (Trenbath, 1976). Competition may be avoided if the 
crops are separated in space through canopy or root stratification, or sepa¬ 
rated in time through variation in maturity time or length of growing season. 
Differing growth requirements or nutrient uptake abilities also may reduce 
competition between two components of a mixture and allow more efficient 
utilization of resources. Physical support (e.g., in maize/climbing bean inter¬ 
crops) and physical protection from wind and frost have been demonstrated 
to raise yields of mixtures over those of the sole crops combined. Some 



Table 4.8 Land Equivalent Ratios of Total Dry Matter Yields throughout the Season and of Final Grain and Pod Yields 0 
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Table 4.9 Total Land Productivity in Terms of Land Equivalent Ratio (LER) 


Grain Yield as a Proportion of Sole Crop and LER a 


N Rates 


1977 



1978 



1979 


Main 

Parallel 

LER 

Main 

Parallel 

LER 

Main 

Parallel 

LER 

N1 

0.74 

0.51 

1.25 

0.56 

0.59 

1.14 

0.99 

0.52 

1.51 

N2 

0.76 

0.72 

1.47 

0.54 

0.62 

1.16 

0.99 

0.60 

1.58 

Mean 

0.75 

0.61 

1.36 

0.55 

0.60 

1.15 

0.99 

0.56 

1.55 


Source: Yadav, 1982, Exp. Agric. 18: 37-42, by permission of Cambridge University Press. 
“1977: main crop pigeonpea, parallel crop maize. 1978: main crop pigeonpea, parallel crop 
maize. 1979: main crop sugarcane, parallel crop blackgram. 


cropping mixtures benefit from weed or insect suppression, water conserva¬ 
tion, and erosion control as a result of more complete and efficient use of the 
environment by the crops (Gliessman and Altieri, 1982). 

Within the scope of this book, we are interested in plant-to-plant interac¬ 
tions, especially weed/crop and weed/weed interactions. It is certain, how¬ 
ever, that the interactions listed in Table 4.1 are not restricted to plants. In 
fact, many of the most interesting examples of interactions between plants 
and other organisms occur as protocooperation. These include the well- 
recognized plant-pollinator and plant-seed-disperser syndromes. Other in¬ 
stances of plant-other organism interactions found in agricultural systems do 
not follow strictly the definitions in Table 4.1. For example, weed manage¬ 
ment that benefits crops often does so by affecting insect populations, either 
positively or negatively. A thorough review of this subject by William (1982) 
outlines ways in which weeds can benefit crops by means of their effect on 
insect populations. 

The presence of certain weeds in or around an agricultural field may 
reduce specific pest populations by means of chemical interference (William, 
1982). Certain weeds also may be preferred hosts, or decoys, for crop pests 
and thereby reduce crop damage by the pests. In some cases, the decoy 
plants may even stimulate germination of soil-borne pathogens, which sub¬ 
sequently die due to unavailability of the suitable host. Weeds may serve as 
hosts for beneficial species of insects by providing pollen, nectar, or shelter, 
or by bridging life cycle gaps. These beneficial insects are often predators or 
parasites of crop pests (William, 1982). 

In his review of integrated pest management, Norris (1982) explains the 
basic principle underlying these interactions. Habitat diversification may 
lead to increased stability of insect populations, including pests, their preda¬ 
tors, and other beneficial insects. In some cases, weed removal has been 
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shown to increase the incidence of pest attacks on crops, presumably due to 
a reduction in the diversity of resources available for the pest (Norris, 1982). 
All the examples cited in the reviews of William (1982) and Norris (1982) 
refer to specific weed and crop combinations. It is certain that an equal 
number of examples could be cited where the presence of weeds actually 
increased crop pest populations (Norris, 1982). There are enough instances 
where weeds have been shown to benefit crops, however, to warrant a 
reevaluation of present weed control practices and our definition of a 
“weed.” 


MUTUALISM 

In contrast to the other types of positive interactions discussed, mutual¬ 
ism is an obligatory type of relationship. The benefits gained by each partner 
link them into mutual, physiological interdependence. In the event that one 
partner is absent, they both suffer, or in some cases cannot even exist as free- 
living organisms. Mutualism should be distinguished from protocooperation 
such as is found in beneficial intercropping situations. The yield advantage in 
intercropping often occurs because the plants fail to suffer in the presence of 
each other rather than because of any benefits they afford each other. Sym¬ 
biosis is another term often used for positive interactions. Symbiosis may be 
defined as the permanent, intimate association of two dissimilar organisms 
(Whittaker, 1975). Generally used to refer to mutually beneficial relation¬ 
ships, symbiosis is often equated with mutualism. 

One of the most well-known mutualistic relationships in nature occurs in 
the form of lichens. A lichen is a symbiotic association between an alga and a 
fungus. The hyphae of the fungus surround the alga cells to afford protection 
from the environment and a favorable environment for growth (Peters, 
1978). Photosynthates and often nitrogen compounds are supplied by the 
alga to the fungus. 

Many fungi also are found in symbiotic or mutualistic associations with 
roots of higher plants in the form of mycorrhizae. The fungal hyphae in these 
associations may form a mantle over the root surface and penetrate inter- 
and/or intracellular regions of the root cortex (Gerdemann, 1968). Many 
benefits to the host plant by mycorrhizae have been suggested. Some of 
these include serving as root hairs and thus increasing the root absorptive 
surface; increasing supplies of nitrogen, phosphorus, other nutrients, and 
water to the root; and increasing the decomposition of organic matter in the 
vicinity of the plant roots, which is then available for uptake. The plant is 
thought to supply carbohydrates and other metabolites for the benefit of the 
fungus. Mycorrhizae occur in many diverse habitats and on a variety of 
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plants including grasses, shrubs, and trees. Through this association, often 
the host plant is able to grow in poor soil that otherwise would be unsuitable 
for normal growth and development. 

Another type of mutualistic relationship involving higher plants is sym¬ 
biotic nitrogen fixation. This process involves the conversion of nitrogen gas 
to organic ammonium, which only certain prokaryotic organisms can carry 
out. Species of the nitrogen-fixing blue-green algae Nostoc and Anabena are 
found in symbiotic association with certain liverworts, cycads, and Azolla, a 
genus of small aquatic ferns. Many legumes are found associated with the 
nitrogen-fixing bacterium Rhizobium. Generally, the nitrogen-fixing sym¬ 
biont is found localized in morphologically specialized structures on the host 
plant, for example, in root nodules of legumes (Peters, 1978). Frequently, 
the symbiont is morphologically and physiologically distinct from free-living 
species of the same genus. 

The Azolla-Anabena association is the most agronomically important of 
the mutualistic relationships so far described. Anabena supplies Azolla with 
its total nitrogen requirement and the plant supplies carbohydrates and 
metabolites to the alga. This particular association is being studied inten¬ 
sively around the world for its potential use as a fertilizer source in the 
culture of rice. For this purpose, Azolla may be grown concurrently with 
rice or may be used as green manure after death of the plant occurs. It has 
been estimated that three-fourths of all the nitrogen required by rice in 
California can be met by cultivating Azolla in rice fields (Barbour et al., 
1980; Peters, 1978). 

The symbiotic nitrogen-fixing association between legumes and Rhizo¬ 
bium also has received considerable attention for many years, from the early 
book by Wilson (1940) to the recent review by Phillips (1980). By 1940, 
cropping mixtures involving legume and nonlegume combinations were in 
widespread use in many cultures. Such mixtures as clovers and grasses, peas 
and oats, cowpeas or soybeans with corn, and winter vetch with rye or wheat 
were encountered frequently (Wilson, 1940). Many benefits were attributed 
to these mixtures, mostly due to the symbiotic nitrogen-fixing association of 
the legume and bacterium. These benefits included excretion of nitrogen by 
the legume for use by the nonlegume, stimulation of soil microorganisms, 
and the return of nitrogen to the soil by the sloughing off of roots and 
nodules (Wilson, 1940). These practices are still in use today, either with 
legume/nonlegume cropping mixtures or legume/nonlegume rotations. The 
importance of the RhizobiumAegume symbiosis has sparked much research 
into increasing the efficiency of biological nitrogen fixation (Phillips, 1980). 

The overall advantages of mutualistic symbioses are summed up by Lewis 
(1974) in his discussion of mutualism in relation to evolution. Long-lived 
absorbing organs and tight nutrient cycling are the result of such mutualism. 
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Permanent assaciatian involving intimate physical contact 
1 ' 

Interchange of metabolites 



Increased ecological 
versatility 


Figure 4.16 Characteristics of 
mutualistic symbioses between 
autotrophs and heterotrophs. (Lew¬ 
is, 1974, in Carlile and Skehel 
(Eds.), Evolution in the Microbial 
World, by permission of the Cam¬ 
bridge University Press, New 
York.) 


Both partners, therefore, can tolerate low levels of available nutrients due 
to increased efficiency of extracting essential minerals. Consequently, in¬ 
creased ecological amplitude is gained by the partners in association, as 
shown in Figure 4.16. Under conditions of nutrient stress, mutualistic sym¬ 
bioses are favored by natural selection (Lewis, 1974). 

In an evolutionary sense, positive interactions are very beneficial to the 
survival of the interacting organisms and tend to be favored over negative 
interactions (Odum, 1971). In order from least to most interdependent, 
positive interactions may be considered to have developed in an evolution¬ 
ary sequence: 

Commensalism benefiting one partner 

i 

Protocooperation benefiting both partners 

I 

Mutualism benefiting both partners and mutually dependent 

It is certain that many plants that we consider to be weeds have evolved 

into these types of positive associations with other weeds or crops. An 
appropriate direction for weed management and control programs, there¬ 
fore, is to begin to understand and exploit the positive effects of weeds on 
crops as well as the negative effects of crops on weeds. 


SUMMARY 

Most weeds exist in association with other plants, that is, either weeds of 
the same or different species and/or crops. It is important, therefore, to 
consider the manner in which weeds interact with their neighbors. The term 
interference is used to describe the effect that the presence of one plant has 
on the environment of another. Burkholder listed 10 possible ways in which 
plants could interfere with each other. Of the 10 possible interactions, seven 
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are common enough to have been named. Interference between weeds and 
other plants was explored in relation to those seven interactions. 

The best recognized form of interference among weeds and crops is com¬ 
petition. Density, the number of plants per unit of area, is a primary compo¬ 
nent of competition. Plants respond to density in two ways, by plastic growth 
and through an altered risk of death. The plastic response of growth to 
density is a common biological feature of all plants. At very low densities the 
yield of a population is determined by the number of individuals; however, 
at high densities the resource supplying capacity of the environment be¬ 
comes limited. Thus at most densities total yield is independent of the 
number of individuals present in the particular environment. Some re¬ 
searchers have considered resource availability as a function of individual 
factors that must be identified, whereas others have chosen to consider the 
availability of all resources together as a single factor, space. Thus space 
capture, or the differential ability to usurp resources by individuals, often 
determines the outcome of competition. 

Density also affects plant mortality. Usually as density of one species is 
increased, either the growth of competing plants is suppressed or they die. 
Therefore, the independent response of yield to density can be caused by 
the contribution of many suppressed plants or that of a few large survivors. 
Often increasing the amount of a limiting factor increases rather than de¬ 
creases plant mortality under a competitive regime. Growth plasticity and 
mortality due to density interact to ensure a relatively stable reproductive 
output per species. Whether or not the species are grown alone or as mix¬ 
tures, similar responses to density, in relation to plastic growth, mortality, 
and reproduction, always occur. 

The basic factors essential for the study of competition are total plant 
density, proportion of species, and plant arrangement. These factors are 
considered to various degrees among the experimental procedures com¬ 
monly used to study competitive interactions. In additive designs one 
species, grown at a constant density, is subjected to various density levels of 
another species. This procedure is relevant to many field situations in which 
the cost of weeds in terms of crop loss is assessed. It is limited, however, in 
predicting the ultimate outcome of competition or minimum threshold 
densities of weeds in crops. Substitutive designs consider total density and 
proportionality between competing species. Several models have been 
proposed to interpret the results of experiments conducted using the sub¬ 
stitutive design. The approach is highly predictive but seemingly artificial 
under field conditions where crop densities are often fixed. Systematic de¬ 
signs consider all factors, but place the most emphasis on spatial arrange¬ 
ment of species. These experiments can be conducted as “arcs” which are 
difficult to establish. However, some arrangements of systematic designs 
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may be used which accommodate crops that are widely spaced and grown in 
parallel rows. 

The importance of spatial arrangement, time of emergence, and density 
on competition was explored from a theoretical basis by Fischer and Miles. 
Using several stochastic models for competition, they predict that weeds 
should combine early emergence and rapid radial expansion (growth) for 
greatest competitive advantage. Crops should be planted in a square or 
triangular arrangement for maximum weed suppression. However, the mod¬ 
els proposed by Fischer and Miles are theoretical and must await further 
experimentation to assess adequately their applicability under field condi¬ 
tions. An attempt to predict crop and economic loss from weeds was made 
by Dew, by using a simple linear regression model. Dew determined an 
“index of competition” which he subsequently used to assess the economic 
benefits of weed control practices. 

Forms of negative interference among weeds and crops other than com¬ 
petition include amensalism and parasitism. The most common form of 
amensalism in agriculture is allelopathy, the detrimental effect of one plant 
on another caused by a chemical produced and released by the donor plant. 
The primary effects of allelopathy on crop production occur from the decom¬ 
position of plant litter in the soil. Another possible source of allelochemicals 
is the production of toxins by living plants and their release into the environ¬ 
ment of adjacent plants. The study of allelopathy is complex and care must 
be made to separate allelopathy from other forms of negative interference, 
especially competition. 

Parasitic plants are unique organisms that partially or totally sustain 
themselves at the expense of a host plant. There are several excellent re¬ 
views of plant parasitism; however, most studies in this area are largely 
descriptive. Detailed physiological studies on the mechanism of transport 
and the substances transported between the host plant and the parasite 
would be useful in developing management strategies against this important 
class of weeds. 

Types of positive interference that can occur among plants are commen¬ 
salism, protocooperation, and mutualism. Neutralism, although neither 
positive or negative, also is possible but rarely occurs unless plants are very 
small or widely spaced. Unfortunately, relatively few examples exist for 
positive interference among weeds and crops, although such interactions are 
common among other species outside the agricultural environment. The 
nurse plant syndrome is perhaps the best example of commensalism. In this 
situation one plant provides some modification of the microenvironment that 
enhances the growth of the other. Protocooperation and mutualism appear 
to be more common for weed/crop associations. Possible forms of protocoop¬ 
eration include direct root grafts between species and the exudation and 
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subsequent uptake of organic or inorganic nutrients. In tercropping, growing 
two or more crops simultaneously, represents a well-recognized example of 
protocooperation in agriculture. It also was noted that protocooperation be¬ 
tween a weed species and a crop may involve an interaction with other 
organisms (insect, pathogen, etc.) than plants. Norris, in a review of in¬ 
tegrated pest management, describes the underlying principles of such 
interactions. Mutualism is another form of positive interaction where 
both partners benefit. Symbiosis often is equated with mutualism. Thus 
both partners of the association must be present in order for either to gain. 
This obligatory nature of mutualism distinguishes it from protocooperation. 
Symbiotic nitrogen fixation and mycorrhizal associations are examples of 
mutualism. 

It appears that positive associations among plants are relatively common 
in many nonagricultural environments and are beneficial to the survival of 
the interacting species. It also appears that certain weeds and crops may 
have evolved positive associations with other weeds, crops, or organisms. 
Although examples are rare, these interactions represent a new and intrigu¬ 
ing area for further study, for if they exist we can surely find ways to exploit 
them to benefit our crops. 



Chapter Five 


Limiting Factors 
and Physiological 
Responses to Competition 


At some point in the development of plants the supplying power of the 
environment often becomes limited. This limitation can result in the devel¬ 
opment of a competitive relationship between neighbors of identical or dif¬ 
ferent species. In addition, the limitation present in the environment may 
be aggravated by the proximity of neighboring plants. Most studies of 
negative interference effectively demonstrate that such interactions occur. 
However, the greatest understanding of the mechanisms underlying 
those interactions arises when the limiting factors are identified. In this 
chapter we consider limiting factors as they influence the competitiveness 
of weeds and crops. 

Factors in the environment that may influence plant growth are usually 
divided into two categories: resources and conditions. Environmental re¬ 
sources are consumable. They include light, CO 2 , water, nutrients, and 
oxygen. This is in contrast to environmental conditions such as temperature, 
soil pH, or soil bulk density (compaction), which are not directly consumed 
but affect plant growth, nonetheless. In Figure 5.1 we see the general 
relationships of plant productivity to both environmental resources and en¬ 
vironmental conditions. In response to resources, yields usually increase in 
proportion to availability until an optimum quantity of the resource is 
reached (saturation), at which point further addition does not increase pro- 
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Figure 5.1 Generalized curves showing 
the responses of plant productivity (yield) 
to varying levels of an environmental re¬ 
source ( a ) and condition (b). 


ductivity significantly. Higher than optimum levels of resource actually may 
cause yields to decline (Figure 5.1a). Conditions, in contrast, are usually 
limiting to plant productivity, either by absence or abundance, until a 
threshold level is reached. At that level, nearly all the individuals respond 
with increased productivity. A temperature optimum for seed germination 
is an example of an environmental factor that markedly influences plant 
behavior but is not itself consumed. In Figure 5.1 b for example, if percent 
germination were plotted on the vertical axis, no germination would occur 
until a low threshold temperature was reached. Optimum germination 
would occur at an intermediate temperature, and germination would cease 
at an upper temperature limit. Although resource utilization and environ¬ 
mental conditions certainly must interact, it is the competitive relationship 
between species for resources that is the thrust of this chapter. We also 
discuss plant processes and functions that are affected by limitations of re¬ 
sources, often due to association with neighboring species. 


LIGHT, C0 2 , AND PHOTOSYNTHESIS 

Photosynthesis is the process whereby plants trap and transform light into 
a more useful form of energy. The elementary equation for photosynthesis is 

»C0 2 + 2nH 2 0 Ch '°ilff StS > (CH 2 0)„ + »0 2 + nU 2 0 
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In this way plants convert light energy into chemical energy for utilization or 
storage. It is not surprising, therefore, that light, CO z , and other factors that 
are involved in photosynthesis might be the objects of competition among 
plants. Actually, photosynthesis is much more complicated than suggested 
by the above equation, and usually is divided into two reaction sequences, 
the light reactions and the dark reactions. The nonchemical light reactions 
require light to operate, and occur on or in the pigment-containing chloro- 
plast membranes (thylakoids). The dark reactions are chemical, enzymatic, 
C0 2 -requiring reactions that do not require light, and occur in the liquid 
stroma of the chloroplast. In the light reactions (Figure 5.2) two photons are 
absorbed by chlorophyll molecules, driving a flow of electrons from water to 
NADP + . Consequently, water is photochemically oxidized and the high- 
energy products ATP and NADPH are produced. Oxygen also is evolved. In 
the dark reactions C0 2 is fixed into six-carbon sugars using the high-energy 
products of the light reactions. There are several methods for synthesizing 
C0 2 into sugars, but two are predominant in most plants, including weeds. 
Species that initially fix C0 2 into phosphoglyceric acid (3-PGA), a Jthree- 
carbon acid, via the Calvin cycle are termed C 3 species (Figure 5.3). Those 
that have four-carbon acids as the initial C0 2 -flxation products (Figure 5.3) 
are now commonly called C 4 species. This is an important physiological 
distinction among plant species, and it is discussed in more detail in subse¬ 
quent sections of this chapter. 

Competition for Light 

C. M. Donald (1961) in his comprehensive review states that competition 
for light occurs in almost all cropping situations. The only exceptions to this 
statement are found when the plants are very young or plants are sparse; in 
these cases there may be no competition of any kind. In many cropping 
systems where nutrients and water are supplied, light is often the only factor 
that becomes limiting to plant growth. The extreme reduction in light inten¬ 
sity from full sunlight to the level under a plant canopy is readily obvious in a 
dense forest; however, almost complete darkness is often found under her¬ 
baceous canopies as well. For example, light intensities in many forest envi¬ 
ronments range from approximately 10 to 25% of full sunlight, whereas 
intensities of only 1-4% of full sunlight arc common in many herb or densely 
planted crop communities. As expected, there are significant reductions in 
the productivity of individual plants when light is limiting. Donald (1951) 
observed that subterranean clover (‘Trifolium subterraneum) yielded 34 
g/plant at wide spacing (6 plants/m 2 ) but only 0.6 g/plant when grown at 
high density (1500 plants/m 2 ). Since subterranean clover is a nitrogen-fixing 
species and moisture was not limiting, intraspecific competition was pre- 



Stroma side of lamella 



Figure 5.2 A model for the light-stimulated transport of electrons and protons 
in chloroplasts. Two H 2 0 (lower right) are oxidized by cooperation of both 
photosystems. The small circles represent chlorophyll and carotenoid 
molecules that extend completely across the chloroplast membrane (thylakoid 
lamellae). Each solid dot represents absorption of one photon, and connecting 
arrows indicate energy transfer among pigments and ultimately to the reaction 
center P 680 or P 70 o- The transfer of all four available electrons from two H 2 0 
molecules requires absorption of eight photons, four by each photosystem. 
Heavy arrows upward from P 680 and P 70 o represent electron excitation and 
transfer to the corresponding unidentified primary electron acceptors, 
simplified as Q and Fd. Fd, Fd-NADP + reductase, and the ATPase proteins are 
rather loosely bound on or in the lamella near the stroma side, whereas the 
other proteins are buried more deeply. The ATPase catalyzes phosphorylation 
(ATP formation) when the other product of this reaction, H 2 0, is removed; this 
removal apparently occurs by use of H + in the reduction of PQA. When 
PQAH 2 is oxidized, the protons are transferred into the thylakoid channel. 
(From Salisbury and Ross, Plant Physiology, 2nd ed. Copyright © 1978 by 
Wadsworth Publishing Company, Belmont, CA.) 
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Figure 5.3 A summary of metabolic division of labor in mesophyll and bundle 
sheath cells of C 4 plants. C0 2 is initially fixed into C 4 acids in the mesophyll, 
then these acids move into the bundle sheath (probably as K + salts) where they 
are decarboxylated. The C0 2 thus released is fixed via the Calvin cycle in the 
bundle sheath chloroplasts. Sucrose and starch are common products, as 
shown. After decarboxylation of the C 4 acids, three-carbon molecules, such as 
pyruvate and alanine, move back to the mesophyll cells where they are con¬ 
verted to PEP so that C0 2 fixation can continue there. In C 3 plants, C0 2 
fixation occurs only in the mesophyll (no bundle sheath cells are present) with 
the Calvin cycle. (From Salisbury and Ross, Plant Physiology, 2nd ed. Copy¬ 
right © 1978 by Wadsworth Publishing Company, Belmont, CA.) 
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sumed to be for light. The yield depressions associated with light limitation 
may be quite large, and the morphology of affected plants often is influenced 
by low light such that etiolation occurs. 

Competition for light differs from that for other resources in several ways. 
The basic reason for this difference lies in the nature of the light resource. 
With other resources, that is, water and nutrients, there is hypothetically a 
reservoir of the resource for a plant to draw upon. The level of the reservoir 
may be relatively high or low, but in essence there is a constancy of supply. 
Competition may occur if the supplying power of the reservoir falls too low. 
With light the situation is very different because no pool of resource is 
available from which to withdraw. Light, in the form of a photon, is available 
only briefly, and if it is not used by a leaf the photon is lost to that leaf as an 
energy source for photosynthesis. For this reason, the most important plant 
factor in competition for light is the physical position of foliage for light 
interception (Donald, 1961). This factor is especially important in terms of 
leaf position relative to the foliage of a competitor. 

If we consider photosynthesis by a single leaf in relation to light level, a 
typical saturation curve can be derived (Figure 5.4a). The light intensity at 
which photosynthesis just balances respiration is called the light compensa¬ 
tion point. This value varies among species, but in general is about 2% of 
maximum sunlight. Thereafter, with increasing intensity of light, photosyn¬ 
thesis increases rapidly until CO 2 supply begins to limit carbon fixation. The 
photosynthetic response of a canopy of leaves to light intensity is usually 
quite different from that of a single leaf; that is, a much more linear relation¬ 
ship exists (Figure 5Ab). This linearity occurs because light tends to pene¬ 
trate deeply into a canopy on bright days, such that most of the light re¬ 
source can be intercepted and used for photosynthesis. In other words, 
because of self-shading, higher irradiance is required to saturate an entire 
canopy of leaves than is required to saturate a single exposed leaf. Since most 
crops are planted or exist with weeds as relatively dense stands, it is impor¬ 
tant to consider competition on a canopy basis rather than an individual plant 
basis. Because of the linear response of canopy photosynthesis to light inten¬ 
sity, productivity per unit of area also is best thought of as a function of 
canopy rather than of individual plant performance. 

A useful tool for examination of plant productivity and light availability is 
the leaf area index (LAI), or the ratio of total canopy leaf area to the area of 
land. LAI is therefore a dimensionless value indicating the amount of foliage 
cover, generally arranged in several layers over an area. LAI values are 
usually greater than unity and vary according to the species involved and 
their stage of development. There exists a mathematical relationship be¬ 
tween foliage density and light interception which holds for most types of 
plant communities; usually light intensity decreases nearly exponentially 
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Figure 5.4 Influence of light on the photosynthetic rates of single attached 
leaves (A) and plant canopies (B). In 5.4A, leaves of three species native to 
different habitats are shown, and figure 5.4B depicts net photosynthesis of 
three crop canopies. (From Salisbury and Ross, Plant Physiology, 2nd ed. Copy¬ 
right © 1978 by Wadsworth Publishing Company, Belmont, CA. Data for com, 
wheat, and cotton were obtained from Baker and Musgrove, 1964, Crop Sci. 4: 
127—131; Pukridge, 1968, Australian f. Agri. Res. 20: 623—634; and Baker, 
1965, Crop Sci. 5: 53-56, respectively.) 


with increasing plant cover. Thus a species’ ability to project a canopy over 
that of a neighbor could impart a considerable competitive advantage with 
respect to light capture, if it occurred early in the life cycle or at a particu¬ 
larly critical developmental stage. 

A study by Oliver et al. (1976) explores competition between soybean and 
tall morningglory (Ipomoea purpurea ) based on differences in canopy devel¬ 
opment. In their study, Oliver et al. determined the LAI throughout the 
growing season of both soybean and tall morningglory that were grown alone 
or in combinations with each other. The density of soybean was always 19.4 
plants/m 2 , whereas the density of tall morningglory varied (1.6, 3.2, or 6.5 
plants/m 2 ). In Figure 5.5A, a comparison of the LAI of both species when 
grown separately is shown. The LAI of tall morningglory, when grown alone 
at each density, increased throughout the season and always was similar to or 
greater than the LAI of soybean when it was grown alone. However, when 
the two species were grown in combination, each species tended to affect the 
LAI of the other adversely. As seen in Figure 5.5B, greatest reduction in tall 
morningglory LAI as a result of the presence of soybean occurred when the 
density of the weed was lowest. By comparing Figures 5.5A and 5.5B, it is 
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apparent that severe reductions in weed LAI from soybean competition 
occurred within 8 weeks after crop and weed emergence. This effect on tall 
morningglory LAI by soybean competition, once imposed, was maintained 
throughout the season. The impact of duration of tall morningglory competi¬ 
tion on soybean LAI is shown in Figure 5.5C. In this experiment, the weed 
was allowed to compete with the crop for various portions of the growing 
season, that is, 0 , 6 , and 8 weeks after emergence, or the entire growing 
season. Significant decreases in soybean LAI occurred after 8 weeks from 
emergence for all treatments. A shift in development of soybean from vege¬ 
tative production to reproduction occurred at about 8 weeks after emer¬ 
gence. Soybean seed yields were reduced in all treatments by 43-66% by 
the association with tall morningglory. 

Oliver et al. concluded that tall morningglory owed its competitiveness to 
a rapid increase in photosynthetic leaf area which occurred 4 to 6 weeks after 
emergence, and that it was up to fourfold more competitive during the 
reproductive stage of the crop than during the vegetative stage. Thus a large 
decrease in crop LAI relative to that of the weed at the time of soybean 
flowering (compare Figure 5.5B with 5.5C) markedly reduced soybean seed 
yields, even though the crop was highly competitive during the vegetative 
stages of growth. Although this study did not exclude other possible factors 
in competition, it demonstrated how canopy development at a critical period 
can influence productivity and, most importantly, reproductive output. 

The Photosynthetic Dark Reactions and Competition 

The differences among plant species in terms of their ability to fix carbon 
have been well demonstrated. For most weeds this process is by either the 
C 3 (Calvin cycle) or the C 4 (Hatch-Slack cycle) pathways. In the C 4 pathway, 
the first enzyme that takes up C0 2 , phosphoenolpyruvate (PEP) carboxyl¬ 
ase, has a stronger affinity for C0 2 than does ribulose bisphosphate (RuBP) 
carboxylase, the initial C0 2 -fixing enzyme of the C 3 pathway. The difference 


Figure 5.5 Comparison of the leaf area index (LAI) of soybean and tall morn¬ 
ingglory when grown separately and together. (A) LAI of soybean (solid line) 
and tall morningglory (symbols) under intraspecific competition. (B) LAI of tall 
morningglory under different degrees of interspecific competition. Soybean 
was grown at constant density (19.4 plants/m 2 ), whereas tall morningglory 
density varied: •, A, x refer to 6.5, 3.2, and 1.6 plants/m 2 , respectively, in both 
A and B. (C) The effect of competition duration by tall morningglory (6.5 
plants/m 2 ) on soybean LAI. The solid line refers to no competition, and x, A, • 
refer to competition by tall morningglory for 6 weeks, 8 weeks, or the full 
season, respectively. (Modified from Oliver et al., 1976.) 
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is even more pronounced at high temperatures. Thus the four-carbon acids 
produced in the mesophyll cells serve as a means of concentrating C0 2 , so 
that high rates of photosynthesis can continue even under conditions when 
stomata are nearly closed or when external C0 2 concentrations are low. In 
addition, little or no photorespiration occurs in C 4 plants to reduce the 
efficiency of C0 2 fixation. In photorespiration, 0 2 competes with C0 2 for the 
enzyme RuBP carboxylase in the Calvin cycle, such that 0 2 is absorbed and 
C0 2 is produced in the light. In C 4 plants, it seems that recycling of C0 2 is 
so efficient through initial fixation to four-carbon acids that no C0 2 is lost. 

We should stress that C 4 plants fix C0 2 by the more usual C 3 cycle after its 
initial fixation into four-carbon acids. This added C 4 pathway confers a 
definite advantage in terms of photosynthetic efficiency under conditions of 
high light intensity, high temperatures, and limited moisture availability. 
Under more moderate conditions, this advantage over plants possessing 
solely the C 3 pathway is much diminished. Table 5.1 lists several characteris¬ 
tics of the C 3 and C 4 methods for C0 2 fixation in higher plants. 

In 1969, Black et al. evaluated the dark reactions of photosynthesis as a 
physiological basis on which to explain competition. They divided weed and 
crop species into two categories, efficient and nonefficient, based on C0 2 
compensation point, photorespiration, presence or absence of C 4 cycle, and 
enhancement of C0 2 fixation in the absence of 0 2 . From their examination of 
a wide range of plant species (Table 5.2), they concluded that the most 
competitive weeds and highly productive crops fell into the efficient cate¬ 
gory and possessed the C 4 pathway. Crops typically grown in more temper¬ 
ate zones and cool season (winter annual) weeds were in the nonefficient C 3 
category. Although this is an oversimplification to account for the competi¬ 
tive nature of weeds and crops in all environments, the physiological differ¬ 
ences in C0 2 fixation between weed and crop species may be of considerable 
importance in hot, dry agricultural areas. For example, most of the trou¬ 
blesome summer annual weeds in the Central Valley of California are C 4 
species, whereas few C 4 plants occur there in the winter or in the more 
moderate Salinas Valley to the west. 

Given the relationship between climate and physiological function, sev¬ 
eral types of plant interactions are possible, based on carbon fixation path¬ 
way: 

1. Cool season crop (C 3 ) versus C 4 weed, for example, sugarbeet versus 
barnyardgrass (Echinochloa crus-galli) or redroot pigweed (Amaran- 
thus retroflexus). 

2. Cool season crop (C 3 ) versus cool season weed (C 3 ), for example, 
wheat versus wild oat (Avena fatua) or mustard (Brassica spp.). 



Table 5.1 Comparison of Photosynthetic Pathways 


Trait 

C 3 Heliophyte (Adapted 
to a High Light Envi¬ 
ronment) 

c 4 

Taxonomic diversity 

Very wide; algae to 
higher plants 

Perhaps some algae, no 
lower vascular plants or 
conifers, wide among 
flowering plants 

Typical habitat 

No pattern 

Open, warm saline 
(some exceptions) 

Leaf anatomy 

Palisade + spongy 
parenchyma 

No mesophyll differ¬ 
entiation; large bundle 
sheath; Kranz-type 

Light saturation point 

6000 ft-c 

8,000-10,000 + ft-c 

Optimum temperature 

20-30°C (lower in 
tundra) 

30-45°C (as for light 
above, can be lower for 
C 4 species in different 
habitats) 

Maximum photosyn¬ 
thetic rate (mg/dm 2 *hr) 

30 

60 

Maximum photosyn¬ 
thetic rate (mg/g’hr) 

55 

100 

Maximum growth rate 
(g/dm 2, day) 

1 

4 

Water use efficiency (g 

co 2 / g h 2 o) 

300 

600 

Photorespiration 

High 

Low 

Na required 

No 

Yes 

Fixation path and en¬ 

C0 2 + 5-C 3-C 

C0 2 + 3-C -* 4-C 

zyme 

PGA; carboxydismutase 
or also called ribulose 
bisphosphate carboxyl¬ 
ase 

acids; PEP carboxylase 

Stomate behavior 

Open in day, closed at 
night 

Open in day, closed at 
night 

Space-time relations 

Entire Calvin cycle in 
any mesophyll cell 

Initial fixation in 
mesophyll, then transfer 
of acid to bundle sheath 
for Calvin cycle 

C0 2 compensation point 

50 ppm 

5 ppm 


Source: Black (1973). Adapted from the Annual Review of Plant Physiology , Vol. 24. Copyright 
© 1973 by Annual Reviews, Inc. 
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Table 5.2 Plant Species Divided into Efficient and Nonefficient Groups Based 
on Their C0 2 Compensation Concentration, Photorespiration, 
Presence or Absence of C 4 Cycle for C0 2 Fixation, and Enhance¬ 
ment of C0 2 Uptake in the Absence of Oxygen 


Plant Species 

C0 2 Photo- 

Comp. resp. 

Concn. (mg C0 2 / 

(ppm) dm 2 *hr) 

c 4 

Cycle 

co 2 

Uptake 

Enhancement 

(%) 

Amaranthus albus L. 

(tumble pigweed) 

Efficient Dicotyledons 

3 — 



Amaranthus palmeri S. Wats. 

(Palmer amaranth) — — 

yes 

0 

Amaranthus retroflexus L. 
(redroot pigweed) 

— 0 

— 

— 

Amaranthus edulis Speg. 
(grain amaranth) 

— 0 

— 

— 

Gomphrena glohosa L. 

(globe amaranth) 

2 

— 

— 

Atriplex spongiosa F.v.M. 
(pop saltbush) 

— — 

yes 

— 

Atriplex rosea L. 

(red orach) 

<5 — 

— 

— 

Atriplex semihaccata R. Br. 
(Australian saltbush) 

_ _ 

yes 

— 

Portulaca oleracea L. 
(common purslane) 

2 — 

— 

— 

Portulaca grandiflora Hook. 

2 — 

— 

— 

Kochia scoparis (L.) Roth 
(kochia) 

3 — 

— 

— 

Salsola kali L. 

(Russian thistle) 

0 — 

— 

— 

Atriplex patula var, 
hastata L. Gray 
(halberdleaf orach) 

Nonefficient Dicotyledons 

35 — 



Phaseolus vulgaris L. 
(common bean) 

- _ 

no 

45 

Glycine max Merrill 
(soybean) 

>37 

no 

_ 

Beta vulgaris L. 

(sugarbeet) 

12 2.4 

no 

_ 
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Table 5.2 ( Continued ) 


Plant Species 

co 2 

Comp. 

Concn. 

(ppm) 

Photo- 

resp. 

(mg CO 2 / 
dm 2 -hr) 

c 4 

Cycle 

co 2 

Uptake 

Enhancement 

(%) 

Spinacea oleracea L. 

(spinach) 

40 

_ 

_ 

_ 

Nicotiana tabacum L. 

(tobacco) 

60 

— 

no 

56 

Gossypium hirsutum L. 

(cotton) 

— 

2.2 

— 

38 

Helianthus annuus L. 
(sunflower) 

40 

3.1 

— 

45 

Chenopodium album L. 
(lambsquarters) 

35 

— 

— 

— 

Lactuca saliva L. 

(lettuce) 

> 37 

— 

no 

— 

Efficient Monocotyledons 



Zea mays L. 

(com) 

0 

0 

yes 

0 to 6 

Cynodon dactylon (L.) Pers. 
(Bermudagrass) 

5 

0 

— 

— 

Paspalum notatum Flugge 
(Bahiagrass) 

— 

— 

— 

2 

Paspalum distichum L. 
(knotgrass) 

< 5 

— 

— 

— 

Echinochloa crus-galli (L.) 
Beauv. 

(barnyardgrass) 

< 5 




Echinochloa stagnina Beaub. 

— 

— 

— 

-3 

Digitaria sanguinalis (L.) 

Scop. 

(large crabgrass) 

< 5 



_ 

Setaria italica (L.) Beauv. 
(foxtail millet) 

— 

— 

— 

0 

Setaria glauca (L.) Beauv. 
(yellow foxtail) 

< 5 

— 

— 

— 

Chloris gayana Kunth. 
(Rhodesgrass) 

< 5 

— 

yes 

3 

Sorghum vulgare Pers. 
(sorghum) 

— 

0 

yes 

4 
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Table 5.2 ( Continued ) 


Plant Species 

C0 2 

Comp. 

Concn. 

(ppm) 

Photo- 

resp. 

(mg C0 2 / 

cl in 2- hr) 

c 4 

Cycle 

co 2 

Uptake 

Enhancement 

(%) 

Sorghum halepense L. Pers. 
(Johnsongrass) 

_ 

- 

yes 

— 

Panicum capillare L. 

(witchgrass) 

< 5 

— 

yes 

— 

Panicum miliaceum L. 

(proso millet) 

< 5 

— 

yes 

— 

Panicum bulbosum H.B.K. 
(bulbous panicgrass) 

< 5 

— 

yes 

— 

Andropogon gayanus Kunth. 

— 

— 

— 

-2 

Eragrostis chloromelas Steud. 
(Boer lovegrass) 

— 

— 

— 

0 

Eragrostis pilosa (L.) Beauv. 
(India lovegrass) 

< 5 

— 

— 

— 

Eragrostis brownei (Kunth) 
Nees. 

. 

_ 

yes 

— 

Eleusine coracana (L.) Gaertn. 
(African millet) 

_ 

- 

_ 

8 

Saccharum ofjicinarum L. 
(sugarcane) 

7 

_ 

yes 

— 

Cyperus rotundus L. 

(purple nutsedge) 

_ 

_ 

yes 

— 

Cyperus eragrostis Lam. 

(tall umbrellaplant) 

< 5 

— 

— 

— 

Nonefficient Monocotyledons 

Cyperus alternifolius var. 
gracilis (L.) hort. 

(slender umbrella flatsedge) — — 

no 


Dactylis glomerata L. 
(orchardgrass) 

> 37 

_ 

_ 

46 

Lolium multiflorum Lam. 
(Italian ryegrass) 

_ 

_ 

_ 

50 

Triticum aestivum L. (wheat) 

> 37 

— 

no 

23, 50 

Phalaris arundinacea L. 

(reed canarygrass) 

> 37 

_ 

_ 

45 

Arena sativa L. (oat) 

40 

— 

no 

— 
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Table 5.2 ( Continued ) 


Plant Species 

co 2 

Comp. 

Concn. 

(ppm) 

Photo- 

resp. 

(mg CO 2 / 
dm 2 -hr) 

c 4 

Cycle 

co 2 

Uptake 

Enhancement 

(%) 

Agrostis alba L. (redtop) 

> 37 

— 

— 

— 

Hordeum vulgare L. emend. 
Lam. (barley) 

> 37 

_ 

— 

— 

Poa pratensis L. 

(Kentucky bluegrass) 

— 

— 

— 

37 

Oryza sativa L. (rice) 

> 37 

— 

— 

45 

Panicum commutatum Schult. 
(variable panicgrass) 

>37 

— 

no 

— 

Panicum lindheimeri Nash 
(Lindheimer’s panicgrass) 

> 37 

— 

no 

— 


Note: A dash indicates that data are not available. 
Source: Black et al. (1969). 


3. C 4 crop versus C 4 weed, for example, corn versus barnyardgrass (£. 
crus-galli ). 

4. C 4 crop versus C 3 weed, for example, corn versus common lambs- 
quarters ( Chenopodium album). 

Depending on the climate to which these weed/crop combinations are ex¬ 
posed, slight to severe competition could be expected. Preliminary field 
evaluations in California by Radosevich et al. (1975) with corn and barnyard- 
grass (£. crus-galli ) and Norris (1978) with sugarbeet and a mixture of C 4 
weed species support this contention. Little competition of barnyardgrass 
and corn is usually apparent under normal cultural practices in the Central 
Valley, whereas up to 15-fold decreases in root yields of sugarbeet can occur 
under competition by C 4 weeds. Unfortunately, detailed experiments to 
evaluate the interactions listed above have not been made, although it cer¬ 
tainly appears to be a fruitful area of research. 

Pearcy et al. (1981) evaluated the competitive interactions of two weed 
species, common lambsquarters ( Chenopodium album, C 3 ) and redroot pig¬ 
weed (Amaranthus retroflexus, C 4 ), in relation to their photosynthetic per¬ 
formance. Regardless of growth temperature regime, both species had simi¬ 
lar photosynthetic rates at 25°C, but at higher temperatures Amaranthus 
had higher rates whereas at lower temperatures Chenopodium had the 
photosynthetic advantage (Figure 5.6). Under differing growth temperature 
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Figure 5.6 Temperature dependence of photosynthesis for Chenopodium al¬ 
bum (•) and Amaianthus retroflexus (•) measured at a quantum flux density 
of 1.8 mmol/cm 2 • sec, 300-330 (xbar CO 2 pressures, and a VPD of 5-10 mbars. 
The growth conditions were {a) 17/14°C, (b) 25/18°C, and (c) 34/28°C. (From 
Pearcy et al., 1981.) 

regimes, the competitive abilities of the two species in mixture closely paral¬ 
leled their photosynthetic relationships. In each case, the species with the 
photosynthetic advantage also had a higher initial growth rate prior to 
canopy closure, which resulted in eventual overtopping and shading of the 
other species. The importance of factors influencing plant size at the initia¬ 
tion of any competitive interaction has already been stressed. The photosyn¬ 
thetic pathway seemingly acts as any other factor by increasing plant size, 
and therefore competitive advantage, at the time of interaction. 

Direct competition for CO 2 is theoretically possible among weed and crop 
species growing in proximity. Oliver and Schreiber (1974) compared net 
carbon exchange of redroot pigweed (Amaranthus retroflexus L.), prickly 
sida (Sida spinosa L.), and birdsfoot trefoil (Lotus corniculatus L.) grown 
together and separately. On a total leaf area basis, CO 2 utilization changed as 
the canopy of the mixture developed. However, direct competition for C0 2 
did not occur, even though the plants studied had different photosynthetic 
rates. Under field conditions, zones of C0 2 depletion may occur within a 
canopy. However, competition for C0 2 probably would not be significant 
because C0 2 concentrations in the atmosphere are always greater than the 
C0 2 compensation point of plants (see Table 5.1). 


WATER 


Water is considered to be one of the most variable resources necessary for 
plant growth. This is especially true if rainfall is the only source of the water 
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supply. If irrigation is used to supplement the water available to plants, 
some of the variation in supply is reduced. Competition for water usually is 
considered to be the most severe in rangeland, pasture, and forestry situa¬ 
tions, and under the conditions of dryland agriculture. There are three 
mechanisms that govern water availability for plant growth: 

1 . the amount of seasonal water supply 

2 . the root development and structure of the plants involved 

3. the water use efficiency of the species. 

Since the amount of the water supply in the absence of irrigation is rarely 
under man’s control, it is important to consider the nature of competition 
among species in arid environments where water is most often limiting. This 
necessarily involves an analysis of the root systems of both crops and weeds. 
T. K. Pavlychenko, during much of the third and fourth decades of this 
century, compiled a series of quantitative studies on the rooting patterns of 
weeds and crops grown in both competitive and noncompetitive associa¬ 
tions. In dryland agriculture typical of the Canadian plains, Pavlychenko 
found that the most severe competition between weeds and crops centered 
around the supply of available soil moisture. His comments concerning root 
interactions and their influence on shoot development are especially inci¬ 
sive. 

Competition begins as soon as the root system of one plant invades a 
feeding area of another, and usually takes place long before tops are 
developed sufficiently to exert serious competition for light. Therefore, 
in dry climates roots actually decide the success or failure in competi¬ 
tion between species otherwise equally adapted to a region. The top 
growth is then developed in proportion to the extent of the root system. 

[T. K. Pavlychenko, 1940] 

In order to understand species success as influenced by a potentially growth- 
limiting supply of water, it is essential to consider root development as the 
basis for competition. 

Root Function and Distribution 

The root systems of plants have received considerably less attention by 
scientists than have the aboveground parts. This is because roots are rela¬ 
tively inconspicuous, often do not have direct economic value, and are not 
easily available for study. As a result, our knowledge of roots is largely 
inadequate. It is generally agreed, however, that root systems serve two 
distinct functions for the plant. The first is purely mechanical, providing 
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support and anchorage to the growing medium. The second function is 
physiological, since it is through the root system that minerals and water 
from the soil solution are supplied to the plant, or food reserves previously 
manufactured are stored. If either function is disrupted a general decline in 
plant vigor is usually noted, whereas when roots are healthy a surprising 
amount of injury to the aboveground portions of the plant can be sustained. 

By using the tedious soil-block washing method, Pavlychenko was able to 
study quantitatively the root distributions of free-growing weeds and crops 
and mixtures of the two. Some of his findings are truly impressive. Consider 
Figure 5.7, in which a single wild oat plant excavated after 80 days of growth 
had developed a total root system measuring more than 50 miles! Such 
underground allocation of carbohydrate and apparent ability to extract re¬ 
sources from the soil environment must have important implications for the 
competitive relationships among species. 

Results from field studies on the root distributions and subsequent yields 
of barley and wheat, grown both free and in competition with wild oat 
(Avenafatua) or wild mustard (Sinapis arvensis ), are shown in Table 5.3 and 
Figures 5.8-5.10. In these experiments the cereal was grown in 6-in. rows 
and the weeds were planted between the cereal rows. Both weed and crop 
emerged together. Wheat and barley also were grown without weeds for 
comparative purposes. The root systems were separated under water from 
those of associated plants by the soil-block washing technique, individually 
analyzed, dyed, spread to their natural conditions according to field charts, 
and mounted together. These data vividly demonstrate several points about 
roots that are significant in competitive interactions. Early after emergence 
of both crop species, their root systems in competitive and in weedfree 
situations were nearly equal in size and much larger than the weeds growing 
with them (Table 5.3). However, later in the season the sizes of the crop 
roots were smaller when grown with a weed, in comparison to the weedfree 
condition. Crop yields also were reduced in proportion to the decreased size 
of the root systems, owing to the presence of weeds (Table 5.3). Since 
planted crops are expected to have a more uniform pattern of germination 
than weeds, and since these two crop species are able to develop an exten¬ 
sive root system at the early stages of seedling development, some implica¬ 
tions for management are suggested. Successful weed control should be 
achieved by establishing crops with vigorous, early-developing root systems 
(compare weed sizes and crop roots in Figures 5.8 and 5.9). Their advantage 
over competing weeds should be evident throughout the growing season. In 
the event that weeds and crop emerge together, the superior competitor will 
be determined by each species’ ability to grow and to usurp resources (espe¬ 
cially water) (Figures 5.8-5.10). In this case, competition may aggravate the 
limitation of a resource in short supply, which perhaps would not be limiting 




Figure 5.7 The root system of a single wild oat plant, grown free from compe¬ 
tition and excavated 80 days after emergence. Total length of roots 54 miles. 
(From Pavlychenko, 1937b.) 
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Table 5.3 A Comparison of the Yields and the Lengths of the Root Systems 
per Plant of Barley and Wheat Grown Free of Weeds and in Compe¬ 
tition with Wild Oat (.Avena fatua ) and Common Mustard (Sinapis 
arvensis) 

Length of Roots 

Intraspecific Interspecific 

Competition Competition 


Time from „ Common 

Emergence Cereal Cereal Wild Oat Cereal Mustard 



(days) 

(in.) 

(%) 

(in.) 

(%) 

(in.) 

(%) 

(in.) 

(%) 

(in.) 

(%) 

Barley 

5 

112 

100 

98 

87 

16 

14 

99 

88 

22 

20 


22 

5849 

100 

4200 

72 

752 

13 

3814 

65 

2850 

49 


40 

9865 

100 

7232 

73 

1974 

20 

6446 

65 

4623 

47 

Yield at 
maturity 

— 


100 


85 


— 


74 


— 

Wheat 

5 

68 

100 

56 

82 

23 

33 

57 

84 

28 

41 


22 

3534 

100 

2820 

80 

1725 

49 

2711 

77 

4118 

116 


40 

5342 

100 

4169 

78 

2046 

38 

3449 

65 

6053 

117 

Yield at 
maturity 

— 


100 


72 


— 


69 


— 


Source: Pavlychenko (1937, 1940). 


to a single species growing alone. Thus increased mortality or decreased 
growth of the plant with poorest early root development surely would result. 

Davis and his associates (1965) tested the idea that root growth could 
affect the competitive ability of weeds in a cropping system that depended 
upon summer rainfall for moisture. They determined the root moisture 
extraction profiles of eight weed species and sorghum under field-grown 
conditions. Prior to establishment of plots, the experimental area was flood 
irrigated to assure that the soil profile to a depth of 6 ft was at field capacity. 
Then 2-week-old seedlings of each species were transplanted into the middle 
of 400 ft 2 plots. Species were not mixed and transplants were 6 in. apart. 
Throughout the growing season gravimetric soil samples were taken at 2 ft 
intervals from the middle of each weed row to 8 ft from each side and to a 
depth of 6 ft. Using this procedure, they were able to construct the water use 
profile for each species (Figure 5.11). The moisture extraction profiles varied 
among species, with greatest extraction occurring directly under each plant. 
By calculating the difference between the quantity of water remaining in the 
root profile and that in an adjacent area outside the root zone, Davis et al. 
determined the total amount of water used by each species during their 
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INCHES 


Figure 5.8 Root competition between Hannchen barley (left) and wild oats 
(marked 1, 2, 3j, 22 days after emergence. (From Pavlychenko, 1937a.) 

experiment. They found that the amount of moisture used per plant was 
correlated (r = 0.79) with the root moisture extraction profiles they con¬ 
structed, thus demonstrating the differential ability of species to extract soil 
moisture from various locations in the soil. These results also suggest that 
competition for soil moisture probably will be most intense within the crop 
row, and weed control should be directed most toward that zone. 

The Physiological Basis of Competition for Water 

The plant provides a pathway for water movement between the soil and 
atmosphere. This continuous path of water begins in the soil and moves 
through the roots, stems, leaves, and into the atmosphere. As seen in Figure 
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Figure 5.9 Root competition between Marquis wheat (left) and wild oats 
(marked 1, 2, 3), 22 days after emergence. (From Pavlychenko, 1937a.) 

5.12, numerous biotic and abiotic factors can influence this process. The 
movement of water occurs in response to differences in water potential. 
Water potential (iji) is a thermodynamic measure of the ability to do work, 
that is, a measure of the free energy of water in the biosphere compared to 
the free energy of pure water. Pure water has a of 0 bars; the vfr of water in 
the biosphere is negative. Water movement occurs down a gradiant of i|», 
from higher (less negative) to lower (more negative). Therefore, water move- 
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Figure 5.10 Root competition between Marquis wheat (left, roots marked 1, 
2, 3, 4) and wild mustard, 22 days after emergence. (From Pavlychenko, 1937a.) 


ment occurs from the soil through the plant to the atmosphere when the 
following gradient is established: 


4^soil ^ 4*root Astern ^ 4*leaf '" > 4^air 

Common values for water potential could be — 1 bar in soil, —10 bars in 
stems, -12 to -15 bars in leaves, and -1000 bars in the atmosphere 
(Slatyer, 1967). The stomates exert the major control over water flux from 
leaves to the air. In addition to providing turgor, a fluid matrix, and a 
necessary component of many physiological processes, water cools the leaves 
as it moves into the atmosphere by transpiration. Because of the involve¬ 
ment of stomates in this process, there also must be an obvious compromise 
between minimizing water loss and maximizing photosynthetic efficiency. 

When the evaporative demand on a plant (transpiration) exceeds the 
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Distance from Weed Row (Ft ) Distance from Weed Raw ( Ft.) 




Puncturevine Russian Thistle 


o 

1 

2 

3 

4 

5 

6 



Palmer Amaranth Sorghum 



Cockle bur 


1 

Moisture Extracted 

Over 3 lb/ft 3 



2-3 1 b/f t’ 



1-2 lb/ft 3 



0-1 tb/ft 3 


Legend 


Figure 5.11 Root moisture extraction profiles for sorghum and weeds. (From 
Davis et al., 1965.) 


moisture supply in the environment, the plant experiences some degree of 
water stress. One major effect of water stress is a restriction (increased 
resistance) in the movement of water, C0 2 , and 0 2 through the leaves as a 
result of stomatal closure. Therefore, the degree to which water loss is 
regulated at the expense of photosynthetic capacity is determined by the 
stomatal resistances to gas flow that develop as ifi p i ant decreases. This relation¬ 
ship between stomatal resistance, transpiration, and C0 2 assimilation is 
called stomatal control. 

One common method of measuring water potential that is particularly 
well suited to field use is with a pressure chamber (Scholander et al., 1964). 
In this technique a stem or twig is removed from a plant, sealed in the 
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Temperature Light Humidity 


Leaf structure 



Root and stem 
structure 



ii 

Root and stem 
transport 


Ecological response, 
plant activity or behavior 


Soil physical 
properties 


♦ Root absorption 



/ \ 


Soil water Soil temperature 

availability 


Figure 5.12 Diagram showing the interactions of the physical and biotic fac¬ 
tors that are the most important in determining the ecological response of 
plants to water. (From Barbour et al., 1980, Terrestrial Plant Ecology, by per¬ 
mission of the Benjamin Cummings Publishing Co., Menlo Park, CA.) 


chamber, and pressure is applied until xylem sap is forced from the cut sur¬ 
face of the sample. The pressure exerted is equivalent to the xylem poten¬ 
tial (iKyiem) °f the Stem or twig at the time of its removal from the plant. By 
sampling plant xylem potential periodically throughout the day and through¬ 
out a growing season, one can determine the plant’s response to the environ¬ 
ment in terms of water stress. Usually, predawn values of xylem potential 
are highest and correspond to maximum available soil moisture. Midday 
values are lower than those taken predawn and can represent conditions of 
highest temperature and least available soil moisture or maximum water 
stress. Furthermore, xylem potential at any time of day tends to decrease as 
the growing season progresses and soil moisture becomes less plentiful. 

Scott and Geddes (1979) and Geddes et al. (1979) studied the water status 
and competitive relationship of soybean and common cocklebur (Xanthium 
pensylvanicum) in essentially the manner just described. Both species were 
grown separately (intraspecifically) and together (interspecifically) in the 
field. Geddes et al. (1979) observed that a 52% reduction in crop seed yield 
resulted from the association with cocklebur. Soil moisture extraction oc¬ 
curred throughout the growing season with maximum values of soil moisture 
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tension for soybean, cocklebur, and the interspecific mixture of the species 
being 550, 620, and 650 cm of water respectively at a 137 cm depth in the 
soil. These and other data reported by Geddes et al. indicated that competi¬ 
tion for water was occurring between soybean and cocklebur during the 
study. 

Figure 5.13 depicts the seasonal midday water status of soybean and 
common cocklebur (Scott and Geddes, 1979). For both species xylem poten¬ 
tial decreased as the season progressed but little difference in i^xyiem was 
observed if the species were grown alone or together. However, soybean 
xylem potential was higher in late July, when the measurements were initi¬ 
ated, than that of cocklebur, whereas i^xyiem of cocklebur did not decrease 
abruptly in early August as did that of soybean (Figure 5.13). Since competi¬ 
tion for water in this study was severe (Geddes et al., 1979) but little 
differences in i|j xy i em were observed within the two species, different tactics 
of water use are suggested. The marked decrease in t|/ xy i em of soybean in 
August coincides with the initiation of reproductive growth. Furthermore, 
when mean midday xylem potential was examined for both species (Table 
5.4), soybean was always under less stress (higher i|/ xy i em ) than cocklebur 
during vegetative growth (July), thus suggesting better stomatal control by 
soybean, perhaps to maintain a critical level of 4> P iant- Although similar stress 
levels were experienced by both species during the reproductive phase of 
development, Scott and Geddes indicate that these relatively low values of 
^xyiem are particularly important for soybean since podfill is a critical stage of 
development that requires adequate moisture. When stomatal resistance to 
water vapor loss from leaves of the two species was examined (Table 5.5), 
soybean was found to moderate water loss more effectively than cocklebur, 
especially when interspecific competition was a factor. The generally greater 
resistance to water movement out of the leaves of soybean, in contrast to 
cocklebur, can account for the similar midday values of xylem potential 
experienced by the crop and weed (Figure 5-13). These results also suggest 
that soybean is less able to tolerate high water loss than the cocklebur and 
therefore attempts to “conserve” soil moisture. 

The strategy exemplified by cocklebur, in which poor stomatal control 
results in relatively high water use, is particularly good for a competitor 
(weed), if it is able to tolerate the higher levels of stress. In this case, the 
cocklebur uses (wastes) a disproportionately larger amount of the resource 
(water), making it unavailable for use by its neighbor, that is, soybean, and 
therefore limits the growth of the crop. Cocklebur does not sacrifice any 
photosynthetic production by closing stomates to accommodate water loss, 
as soybean must. This feature of competition is especially critical for soybean 
during reproduction, since it is at that stage of development that photosyn- 
thate is needed for seed production. 



o 

Q. 

E 

Q> 


4 - 


8 ■ 


12 ■ 


16 - 


20 . 1976 


Soybean 


fl • 

□ 


□ 

• □ 




• Intraspecific 
□ Interspecific 


i v °° 
° » 


25 

July 


15 

August 


25 


5 15 

September 


25 


a> 

o 12 

CL 

E 

a> 


16 


o 

■O 

-O 


20 


Common Cocklebur 


□ □ 


• 8 


1976 


□ 

□ 


□ 

• • 

o 


25 

July 


15 25 

August 


• Intraspecific 
o Interspecific 


□ <ti 




□ 


4? 


□ 




5 15 25 

Septem ber 


Figure 5.13 Seasonal midday xylem potentials of soybean {a) and common 
cocklebur {b) when grown under intra- and interspecific competition. (From 
Scott and Geddes, 1979.) 
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Table 5.4 Mean Midday <J> xy i em °* Soybean and Cocklebur during Vegetative 
and Reproductive Growth of Soybean 0 


Growth 

Stage 

Competition 

Species 

Mean Midday 
ikyiem (bars) 

Vegetative 

Intraspecific 

Soybean 

Cocklebur 

- 7.46a 
-11.34b 


Interspecific 

Soybean 

Cocklebur 

- 8.92a 
-11.82b 

Reproductive 

Intraspecific 

Soybean 

—15.24ab 

< 


Cocklebur 

-14.65a 


Interspecific 

Soybean 

Cocklebur 

-15.72b 

-14.53a 


Source: Scott and Geddes (1979). 

"Means at the same growth stage followed by the same letter do not differ at 5% level using 
Duncan’s multiple range test. 


Table 5.5 Values of Stomatal Resistance ( R s ) of Soybean and Common 
Cocklebur 


R s (s/cm) 


Intraspecific Interspecific 


Date 

Time 

Soybean 

Cocklebur 

Soybean 

Cocklebur 

July 14 

0900 

1.77 

0.99 

1.83 

1.33 


1130 

0.82 

0.78 

0.87 

1.10 


1345 

0.71 

1.02 

1.20 

1.12 

August 5 

0900 

1.05 

1.49 

1.79 

1.45 


1100 

0.82 

0.47 

— 

— 


1330 

1.27 

0.91 

1.93 

1.12 


1600 

1.42 

1.40 

2.57 

0.97 

August 17 

0940 

1.23 

1.04 

1.41 

0.98 


1110 

0.93 

0.81 

1.27 

0.93 


Source: Scott and Geddes (1979). 
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Water Use Efficiency 

It was noted by Black et al. (1969) that certain plant species are able to use 
less water per unit of dry matter produced than others (Table 5.6). Those 
plants with low water requirements, or high water use efficiencies (WUE = 
g C0 2 fixed/g water used) are expected to be more productive during times 
of limited water availability than those with high water requirements. It is 
obvious from comparing Tables 5.2 and 5.6 that C 4 plants have a much lower 
water requirement than C 3 plants. It might be expected that plants with high 
water use efficiency would be more competitive than those with a low water 
use efficiency. To date this expectation has not been substantiated by ex¬ 
perimental evidence. In contrast, Pearcy et al. (1980) observed that the 
difference in water use efficiency between common lambsquarters 
(Chenopodium album ) and redroot pigweed (Amaranthus retroflexus) af¬ 
fected the competitive relationship of those species very little. When the 
two species were grown together it was obvious that the C 3 species (C. 
album), which possesses a low WUE, controlled the availability of the water 
resource by virtue of poor stomatal control. A. retroflexus (C 4 ) was not 
eliminated under the enforced drought conditions caused by the other 
species, apparently because of its higher WUE. It is important to recognize 
that the ability to survive stress and the ability to outcompete a neighbor or 
control a resource within a distinct area are not necessarily the same phe¬ 
nomenon. 


NUTRIENTS 

Plants are thought to absorb mineral elements more or less indiscriminantly 
from the soil, their rooting medium. A deficiency of any particular chemical 
element often makes it impossible for the plant to complete its life cycle. 
However, the mere presence of an element in a plant’s tissue does not 
necessarily indicate that it is essential for growth or development. The ele¬ 
ments and inorganic compounds necessary for plant growth are normally 
categorized according to the relative quantities required for adequate nutri¬ 
tion. Those required in large amounts, macronutrients, include carbon, 
hydrogen, oxygen, nitrogen, phosphorus, sulfur, calcium, and magnesium. 
These elements are also the basic materials from which protoplasm, mem¬ 
branes, and cell walls are maintained. In addition, there are 12 other ele¬ 
ments, micronutrients, required in lesser amounts that are essential to plant 
growth. Table 5.7 lists some of the most common soil nutrients and the 
extent to which each is found in both soils and land plants. Note that even 
those elements considered to be major resources for growth are actually 



Table 5.6 Water Requirements for Weed and Crop Species at Akron, Col¬ 
orado 0 



Water 

Nonefficient 

Water 

Efficient Species 

Requirement* 7 Species 

Requirement 



Monocotyledons 


Panicum miliaceau L. 


Hordeum vulgare L. 


(proso millet) 

267 

emend. Lam. (barley) 

518 

Sorghum spp. 

304 

Triticum durum Desf. 


Z ea mays L. (corn) 

349 

(durum wheat) 

542 

Setaria italica (L.) 


Triticum aestivum L. 


Beauv. (foxtail millet) 

285 

(wheat) 

557 

Sorghum sudanense 


Avena sativa L. (oats) 

583 

(Piper) Stapf 


Secale cereale L. 

634 

(Sudangrass) 

305 

(rye) 


Bouteloua gracilis 


Agropyron desertorum 


(H.B.K.) Lag. 


Fisch. (crested 

678 

(blue gramagrass) 

338 

wheatgrass) 




Bromum inermis Leyss. 
(smooth bromegrass) 

977 



Oryza sativa L. 

(rice) 

682 



Dicotyledons 


Amaranthus graecizans 


Beta vulgaris L. 


L. (prostrate pigweed) 

260 

(sugarbeet) 

377 

Amaranthus retroflexus 


Chenopodium album 


L. (redroot pigweed) 

305 

L. (lambsquarters) 

658 

Salsola kali L. 


Polygonum aviculare 


(Russian thistle) 

314 

L. (prostrate knotweed) 

678 

Portuiaca oleracea L. 


Gossypium hirsutum 


(common purslane) 

281 

L. (cotton) 

568 



Solanum tuberosum 

L. (potato) 

575 



Xanthium pensylvanicum 
Wallr. (cocklebur) 

415 



Solanum trifiorum Nutt, 
(cutleaf nightshade) 

487 



Solanum rostratum 

Dunal. (buffalobur) 

536 



Helianthus annuus L. 
(sunflower) 

623 



Artemisia frigida 

Willd. (fringed sagebrush) 

654 

- 


Verbena bracteata Lag. 

& Rodr. (prostrate vervain) 

702 
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Table 5.6 ( Continued ) 

Water 

Nonefficient 

Water 

Efficient Species Requirement*' 

Species 

Requirement*' 


Brassica oleracea 
capitata L. (cabbage) 

518 


Brassica rapa L. 

(birdsrape) 

614 


Brassica napus L. 

(turnip) 

714 


Ambrosia artemisiifolia 

L. (common ragweed) 
Citrullus vulgaris 

912 


Schrad. (watermelon) 

577 


Cucumis sativus L. 
(cucumber) 

686 


Vigna sinensis Endl. 
(cowpea) 

569 


Trifolium incarnatum 

L. (crimson clover) 
Phaseolus vulgaris L. 

636 


(common bean) 

700 


Medicago sativa L. 

(alfalfa) 

844 


Source: Black et al. (1969). 

fl Data of Shantz and Piemeisel, 1927. 

^Grarns of water required to produce 1 g of dry matter. 


present in whole plants and the soil in surprisingly small amounts. However, 
any element can be limiting, and continued plant growth occurs only when 
that deficiency has been corrected. Recognizing the high probability of in¬ 
adequacy of the supply of mineral nutrients, and their critical importance for 
plant development, it is not surprising that neighboring plants should com¬ 
pete for them. In terms of competition, there also is necessarily a strong 
interaction between nutrient availability and other physiological or morpho¬ 
logical functions. For example, adequate nutrition for root development can 
not be discounted as a factor in competition for water. Realizing this com¬ 
plexity in interactions of resource requirements, we have attempted to 
define the competitive relationships among weeds and crops for only a few of 
the major nutrients. Competition for minor nutrients also may be severe at 
times, but the process should be similar regardless of the level of require¬ 
ment for the nutrient. 
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Table 5.7 The Range of Mineral Elements in Plants 
and in the Soil 


Element 

Land Plant (A) 

Soil (B) 

Nitrogen (%) 

1-5 

0.02-0.50 

Phosphorus (%) 

0.1-0.8 

0.01-0.20 

Potassium (%) 

0.5-5 

0.17-3.30 

Calcium (%) 

0.5-5 

0.07-3.60 

Magnesium (%) 

0.1-1 

0.12-1.50 

Sulfur (%) 

0.05-0.8 

0.1-0.20 

Boron (ppm) 

5-100 


Iron (ppm) 

50-1000 


Manganese (ppm) 

20-300 


Zinc (ppm) 

10-100 


Copper (ppm) 

2-20 


Molybdenum (ppm) 

0.1-1 


Chlorine (%) 

0.02-0.1 



Note: These data are on the basis of dry matter and are given in 
percent or parts per million, as shown. 

Source: (A) Barbour et ah, 1980, Terrestrial Plant Ecology , by 
permission of the Benjamin Cummings Publishing Company, 
Menlo Park, CA; and (B) Brady, 1974, The Nature and Properties 
of Soils , by permission of Macmillan Publishing Co., New York. 


Competition for Nutrients 

Ince (1915) conducted one of the earliest studies on the impacts of weeds 
on soil fertility. He determined the ash, nitrogen, and phosphorus content of 
several weed and crop specimens. The ash content in the weed species 
averaged about 12%, which was only slightly higher than that of the four 
crops in his study. Percent nitrogen and phosphorus also were similar be¬ 
tween crops and weeds. Based on these and other experiments in which 
certain crops and weeds were grown in association and their nutrient levels 
determined, Ince concluded that weeds make a severe drain on soil fertility, 
and they must deprive the crop of considerable mineral nutrition. 

Vengris and his associates (1955) also addressed the subject of nutrient 
utilization by weeds and crops; their objective was to assess the importance 
of weed removal via tillage on nutrient availability to crops. In these experi¬ 
ments Vengris et al. grew redroot pigweed (Amaranthus retroflexus ), crab- 
grass (Digitaria sanguinalis ), barnyardgrass (Echinochloa crus-galli), and 
corn as pure stands in the field. All weeds were seeded in rows 20 in. apart 
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and thinned to uniform stands. Corn was drill planted 10 in. apart in rows 3 
ft apart. When corn and weeds were grown together, a mixture of seeds from 
the three weed species was broadcast in a band 15 in. wide directly over the 
corn row. These plots (corn plus weeds) were cultivated, but the weeds 
surrounding the corn plants were permitted to grow. In 1953, common 
lambsquarters (Chenopodium album) replaced barn yard grass in the weed 
mixture. Plant samples for nutrient analysis were taken a month after plant 
emergence and again at harvest time. Corn was harvested when the kernels 
were in the dough stage, and weeds were harvested when 50-60% of the 
seed were mature (Vengris et al., 1955). 

Table 5.8 compares plant nutrient content of corn grown with and without 
weeds, and the weed species when grown either with corn or in pure stands. 
The nitrogen and potassium contents of the corn were suppressed from 
association with the composite stand of weeds, whereas the overall nutrient 
status of the individual weeds usually was not influenced by the presence of 
corn. Magnesium behaved differently from the other nutrients in that the 
content in corn increased when the weeds were present (Table 5.8). Vengris 
et al. concluded that weeds competed strongly for nutrients even though 
high rates of nitrogen, phosphorus, and potassium were used in their study. 
That different plant species could absorb and utilize nutrients differentially 
is not surprising and could even be expected. However, as Vengris et al. 
suggested, it may not be possible to overcome nutrient deficiencies, and thus 
to compensate for nutrient competition by weeds, simply by increasing the 
level of soil fertility. 

Studies by Gray et al. (1953) support the observations of Vengris et al. 
(1955). In greenhouse experiments, Gray and his associates found that bent- 
grass (Agrostis palustris ) maintained a higher level of potassium uptake 
relative to that of Ladino clover when the two species were grown separately 
or together. The differential potassium uptake between the two species was 
closely correlated to their respective root cation exchange capacities. Gray et 
al. concluded that for the soil type used in their study, and using practical 
rates of potassium fertilization (265 kg/ha), it would be impossible to main¬ 
tain an adequate potassium supply for Ladino clover when it was associated 
with bentgrass. Other findings by Vengris and his associates (Figure 5.14) 
suggest that in certain weed/crop associations, the weeds may consume 
nutrients luxuriously relative to the crop. 

The importance of nitrogen fertility to competition between Italian rye¬ 
grass (Lolium multiflorum ) and winter wheat was the object of study by 
Appleby et al. (1976). In this additive experiment (Table 5.9) the influence of 
ryegrass density and three nitrogen fertility regimes on short (Nugaines) and 
tall (Druchamp) statured varieties of wheat were compared. Over the course 
of the study, Appleby et al. observed that increasing ryegrass density always 



Table 5.8 Nitrogen, Potassium, Calcium, and Magnesium Content of Com and Weeds (Air-dry Basis) 
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Source: Vengris et al., 1955, Agron. J. 47: 213-216, by permission of the American Society of Agronomy. 
a One years data only. 

^Significant at 5% level in comparison with grown alone. 

Significant at 1% level in comparison with grown alone. 
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Figure 5.14 Mineral content of weeds and crops. Weeds are represented as 
having a greater mineral content than their associated cultivated plants. The 
cultivated plants have been given the value 100. Average data of 1950-1951. 
Samples collected from typical farms in the Connecticut Valley, Massachu¬ 
setts. (Data from Vegris, 1956, and redrawn from King, 1964, by permission of 
the International Textbook Company, Glasgow.) 


decreased wheat yield. High levels of nitrogen in combination with high 
ryegrass density decreased wheat yields the most (Table 5.9). These data 
suggested that the ryegrass was better able to respond to increased nitrogen 
fertility than was either variety of wheat. In the absence of effective ryegrass 
suppression, therefore, increased fertility was of questionable value. 

Although all nutrients and all plant species are not expected to act identi¬ 
cally, some generalizations can be made. Plant species growing in proximity, 
either weeds or crops, can interact competitively for nutrients. However, 
the value of increased nutrient availability will be determined by each 
species’ ability to respond to and utilize the added resource. The fact that 
weeds consume nutrient resources is undebatable. The absence of weeds in 
a cropping system should therefore improve the nutrient availability to the 
crop and increase productivity within the limits imposed by water or other 
resources. Furthermore, increased fertility does not appear to be a substi¬ 
tute for weed density reduction. This may be due to luxury consumption of 
nutrients by some weeds as suggested by Vengris et al. or it may be due to 
an effect of increased fertility on some process of plant growth, such as root 
or canopy development, with concomitant increased resource utilization. 













Table 5.9 Grain Yields of Two Wheat Cultivars at Three Nitrogen Levels and Four Ryegrass Densities. 
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Source: Appleby et al., 1976, Agron. J. 68: 463-466, by permission of the American Society of Agronomy. 
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Interactions of Nutrients with Other Resources and Plant Density 

The relationship between soil fertility and the eventual limitation of an¬ 
other resource is especially hard to determine under the competitive regime 
common to most crop/weed complexes. As we have seen, the value of ade¬ 
quate fertility to overall productivity has been well documented. In a plant 
community composed of either single or multiple species, however, density- 
dependent resource limitation and therefore inadequate fertility are the 
rule. As seen in Figure 5.15, increasing the nutrient status at any given plant 
density increases productivity to some degree, but maximum productivity is 
obtained only when high fertility is combined with optimal spacing between 
plants. Often the major effect of supplying nutrients is to decrease the 
time before (increase the likelihood that) other factors become limiting. 
For example, added nutrients can allow for greater root development and 



Figure 5.15 The relationship between density, nitrogen supply and yield in 
maize [Zea mays). Densities are given in 10 3 plants/acre and yields in bushels/ 
acre. (Reproduced from Lang et al., 1956, Agronomy J. 48: 284-289, by permis¬ 
sion of the American Society of Agronomy.) 
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therefore more thorough water extraction by a competitor. Similarly, faster 
canopy closure can result from additional nutrients, and this can be followed 
by the selective exclusion of the poorer competitor due to the absence of 
light. Harper (1977) describes a hypothetical situation .involving nutrient 
availability which demonstrates this point. Imagine a crop planted in a 
nutrient-deficient soil. Isolated plants would be stunted, root systems would 
not interlock, and growth might be so poor that canopies would not inter¬ 
fere. Upon addition of nutrients to this hypothetical population, growth 
could be increased to such an extent that individual plants begin to shade 
each other. As Harper (1977) states, “At no time would the plants have to 
reduce the availability of nutrients to each other, but an apparent density 
dependent response to fertility would be seen.” This relationship between 
plant density, soil fertility, and the limitation of other resources may explain 
the large yield increases in winter wheat that Appleby et al. (1976) observed 
when high nitrogen fertility was combined with weed control (Table 5.9). A 
similar response to that of Appleby et al. was observed by LeStrange and 
Hill (1983) on rice yields when the combined effects of various barnyardgrass 
densities and nitrogen fertility levels were examined. 

It is toward the sort of understanding described above that significant 
efforts in the area of weed science should be directed. Realistic weed and 
crop management cannot be accomplished unless the limiting resources and 
their interactions are defined. In some situations, however, such resource 
interactions can be so complex that they are impossible to unravel with the 
conventional experimental methodology (yield studies) used in the past. 
Since resource limitation is intimately associated with plant growth, the 
answer may lie in the detailed study and analysis of growth parameters 
characteristic of both weeds and crops. 


GROWTH AS A UNIFYING CONCEPT 

All plants, as they proceed through their life cycles, are capable of change 
in size and form if exposed to suitable conditions. The processes that result 
in physiological and morphological changes as a plant ages are strongly inter¬ 
linked, and the term “growth” is used for any or all of them. Growth in the 
above context means the irreversible increase in plant size, which is often 
accompanied by changes in form and occasionally by changes in individual 
numbers. The fact that growth is a universal phenomenon of all plant life is 
certain. It is the amount of growth (however measured) resulting from in¬ 
fluences of various biotic or abiotic factors that influences competitive in¬ 
teractions among plants. A better understanding of resource limitation and 
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its consequences surely could result from the analysis of growth parameters 
of individual plants involved in a competitive relationship. 

Because plants are effectively anchored to the soil by roots, they are 
required to spend their entire lives at a single location. This sessile nature of 
plant occupancy dictates that plant growth will be influenced markedly by 
the environment of that location. As a plant grows it is not likely to be 
continually exposed to the same environment throughout its life cycle. Fur¬ 
thermore, as a plant grows new tissues are laid down progressively so that 
while some organs are being produced others are developing and still others 
have matured. Thus each organ of the plant is the result of past develop¬ 
mental events that occurred during earlier growing conditions. Because the 
organs have experienced and responded to different past environments, they 
also should respond to the present environment in different ways. It is 
apparent that plant growth is a complex process, involving the generation of 
new tissues, and being influenced by the environments of both the past and 
present. To interpret growth meaningfully as a unifying feature of the whole 
plant, its relationship to both past and present environments must be con¬ 
sidered. 

Another important feature of plant growth is also evident from the above 
discussion. New growth that arises within the constraints of current environ¬ 
mental conditions is necessarily a function of the growth that has already 
occurred. Thus the growth of a plant at any time is relative to the size it has 
already attained. This generalization is especially true when considering the 
size and abundance of productive organs, such as leaves, in relation to the 
rest of the plant (Evans, 1972). 

The relationship of plant growth to existing size has been compared, in a 
financial analogy, to an initial monetary investment and, thereafter, to the 
compounding of interest. This analogy appears to be an accurate description 
of plant growth and has been extended by many authors to include other 
transactions. For example, Evans (1972) distinguishes between “productive 
investments” (leaves) in contrast to “nonproductive investments” (the rest of 
the plant): 


As we are accustomed to think in monetary terms it is clear, without an 
algebraic argument, that with a fixed distribution between productive 
and non-productive investment the relative rate of growth of the capital 
as a whole will be higher, if the rate of interest on the productive invest¬ 
ment is higher ; and that at a fixed rate of interest, the rate of growth of 
the capital as a whole will be higher, the larger the proportion invested 
in the productive securities. Converted back from our analogy into plant 
terms, this means that the rate of growth of a plant relative to its size at 
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any time will be higher if either (a) the rate of increase of dry weight per 
unit leaf area is higher; or (b) the ratio of leaf area to total dry weight is 
higher; or both. 

Thus it is possible to visualize, as many have done, plant growth as a result of 
an initial investment into biomass with the efficiency of production equiva¬ 
lent to the rate of interest. 


Plant Growth Analysis 

Beginning with the early works of Blackman (1919) and Kidd and West 
(1919), a discipline of study has developed that attempts to integrate the 
effects of environment, development, and size on plant growth. These tech¬ 
niques, collectively called mathematical growth analysis, recognize total dry 
matter production and leaf area expansion as important processes in deter¬ 
mining vegetative growth. The techniques require frequent destructive har¬ 
vests of plant material at intervals throughout a plant s life cycle. The basic 
information collected at each harvest includes dry matter production of 
roots, leaves, stems, and reproductive organs, and leaf area. From these 
basic data, it is possible to calculate rates of dry matter production per unit 
leaf area or net assimilation rates, relative growth rates, relative leaf expan¬ 
sion rates, and partition coefficients for plant biomass and leaf area. Thus the 
components of plant growth can be separated and compared under a range of 
environmental conditions and resource limitations. In Table 5.10, Patterson 
(1982) summarizes and defines the formulas commonly used for plant growth 
analysis. 

Although the techniques of plant growth analysis are often performed on 
individual species and with uniform growing conditions, the comparative 
analysis of several species grown under similar environmental regimes is also 
possible. Such experiments provide valuable information for understanding 
the basis of differential success when plants are grown in mixed stands. By 
comparing the growth parameters of various crops and weeds it may be 
possible to better understand the “competitive nature” of weeds. 

Relative Growth Rate. Hunt (1978) points out that when plant biomass 
accumulation is examined over time, a distinction between absolute and 
relative growth rate must be made. Hunt considers a hypothetical experi¬ 
ment in which two plants have been grown for a week under the same 
environmental conditions. One plant weighed 1.0 g at the start of the experi¬ 
ment, whereas the other weighed 10 g. At the end of the week both plants 
gained 1.0 g in biomass. Which plant grew faster? Since both plants grew an 
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Table 5.10 Growth Analysis Definitions and Formulas 

T 2 — T\ = length of harvest interval (days) = AT 
W,, W 2 = dry weight at beginning and end of harvest interval 
A|, A 2 = leaf area at beginning and end of harvest interval 
AW = W 2 - W i; AA = A 2 - Ai 

R w = R = Relative growth rate (g/g • day) = (In W 2 — In Wj)/AT 

R a = Relative leaf area growth rate (dm 2 /dm 2 • day) = (In A 2 — In A])/A7’ 

NAR = Net assimilation rate (g/dm 2 • day) = (AW/AA) X (In A 2 — In Ai)/AT 
LAI = Leaf area index—dimensionless ratio of leaf area to land area 
CGR = Crop growth rate (g/dm 2 land surface • day) = NAR X LAI 
LWR = leaf weight ratio (g leaf wt/g total wt) 

LAD = leaf area duration (dm 2 days) = [AA/(ln A 2 — In Aj)] x (AT) 

BMD = Biomass duration (g days) = [AW/(ln W 2 — In W^] x (AT) 

SLW = Specific leaf weight (g/dm 2 ) 

SLA = Specific leaf area (dm 2 /g), SLA = 1/SLW 

LAR = leaf area ratio (dm 2 /g total wt), LAR = LWR X SLA 

Source: Patterson, 1982, in Hatfield and Thomason (Eds.), Biometeorology and Integrated 
Pest Management, by permission of Academic Press, New York. 


equal amount over equal periods of time, their absolute growth rate is the 
same, that is, 1.0 g/week. However, over an identical time period one of the 
plants doubled in biomass, whereas the other only increased by a tenth of its 
original weight. Clearly, the lighter plant was more efficient in biomass 
accumulation when initial size was also considered. This relative increase in 
plant material per unit of time (g/g • week) is called the relative growth rate 
(R, R w , R or RGR). Obviously, a much more informative comparison of the 
two plants can be made by considering relative growth rate as well as the 
absolute amount of biomass accumulation. 

The relative growth rate (R) was first considered by Blackman (1919), who 
proposed an “efficiency index” for dry weight production. The equation used 
to calculate R is as follows: 

D 1 dW 

R = w'~dT 

In this equation dW is the change in dry weight over a given time interval 
represented by dt. R represents the instantaneous value of relative growth 
rate. A more involved concept in theory but more useful in practice is the 
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mean relative growth rate ( R ) (Hunt, 1978; Evans, 1972). According to 
Evans (1972), R is calculated using the following equation: 

^ _ joge W 2 - log e W] 

t 2 — 11 


In this equation R values are derived from dry weight determinations 
over successive harvests. Thus R in this equation represents a mean value for 
the time interval t 2 — t\. W 2 and Wj are the total dry weights at the begin¬ 
ning (Wj) and end (W 2 ) of the harvest interval (Evans, 1972). 

It is well known that R is highly responsive to environmental conditions 
and to initial plant size. Changes in R may also occur due to ontogenetic 
drift, that is, the changes in development that occur in a plant as it grows 
older. However, by using short time intervals between harvests, the impact 
of ontogenetic drift can be minimized. Thus comparisons of R can be made 
among species when grown under identical environmental conditions if har¬ 
vests are frequent enough. 

Other Growth Parameters. Evans (1972), Hunt (1978), and Patterson 
(1982) indicate that R is the product of two components, the NAR (net 
assimilation rate) and LAR (leaf area ratio). The net assimilation rate also is 
called the unit leaf rate (ULR or £). Thus from Hunt (1978), R may be 
expressed as 

1 dW _ 1 dW v L a 

w' dt L a ' dt w 

R = NAR X LAR 

The leaf area ratio (LAR), the amount of leaf area per unit of total plant 
biomass, is a measure of the relative leafiness of the plant. The ULR or net 
assimilation rate (NAR) is the net gain in weight per unit of leaf area. Thus R 
is expressed in both morphological and physiological terms. LAR is a mor¬ 
phological index of plant forms, whereas NAR is a physiological index closely 
connected with the photosynthetic activity of the leaves (Evans, 1972). The 
splitting of R into the components of NAR and LAR is advantageous because 
it relates dry weight increase to those organs most concerned with carbon 
assimilation, the leaves. Further splitting of the above growth parameters 
into other components also is possible. For example, Patterson (1982) and 
Hunt (1978) note that the LAR is the product of the specific leaf area (SLA), 
or area per unit leaf dry weight, and the leaf weight ratio (LWR), or leaf dry 
weight per unit total plant dry weight. Thus LAR = SLA X LWR. These 
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relationships are particularly useful in evaluating the responses of plants to 
environmental changes that occur during growth. 

The concepts and principles of plant growth analysis have been developed 
and extensively reviewed in other texts (Evans, 1972; Hunt, 1978) and are 
beyond the scope of this book. However, mathematical growth analysis can 
provide a valuable diagnostic tool for developing information about crops 
and weeds when grown in common environments. The plant characteristics 
quantified through growth analysis are particularly useful in evaluating the 
responses of plants to light and temperature, but they also are useful for 
determining responses to other resources. 

Relative Growth Rate of Weeds 

Hunt (1978) indicates that comparisons of interspecific differences in rela¬ 
tive growth rate were conducted first by Blackman (1919), and that the 
literature contains values of R w (R) for several hundred species. Unfortu¬ 
nately, few of the species reported in the literature were grown under 
strictly comparable environmental conditions, so only a limited number of 
interspecific comparisons of R can be made. Grime and Hunt (1975) proba¬ 
bly provide the largest body of comparative data on relative growth rates that 
is available. In their study, Grime and Hunt calculated R and R max (the 
maximum potential relative growth rate), for 132 species. Each species was 
grown under favorable conditions in controlled environment chambers for 
up to five weeks. Their values for R and R max for a number of weed species 
are shown in Table 5.11. 

The weed species presented in Table 5.11 were most often associated 
with arable land (A), grazed meadows and pastures (P), or other disturbed 
but productive habitats (M). The R values for the weed species in Table 5.11 
are usually significantly greater than 1.0 g/g • week. Some of the R max values 
[lambsquarters (Chenopodium album), field bindweed (Convolvulus arven- 
sis), velvetgrass (Holcus lanatus ), annual bluegrass (Poa annua), and chick- 
weed (Stellaria media)] exceed 2.0 g/g • week. These values are in marked 
contrast to the values of other species in their study that characterized either 
stable (undisturbed) or unproductive habitats. Species from unproductive or 
undisturbed sites usually had R and R max values near 0.5 g/g • week. It 
appears that rapid growth, that is, a large value for relative growth rate, is an 
important characteristic of weeds common to arable land and other produc¬ 
tive sites. Since the amount of dry matter produced by an individual plant 
must be proportional to the overall resources used during growth, perhaps 
the relative growth rate can serve as an indicator of potential competitive 
ability among crop and weed species. 



Table 5.11 Maximum Potential Relative Growth Rate (R max )/ fl Mean Relative 
Growth Rate [R), a and plant species associated with arable land 
(A), meadows and pastures (P), or manure heaps (M) 


Species 

Common 

Name 

Site 

Association* 7 

Umax 

(g/g * week) 

R 

(g/g -week) 

Agropyron 

repens 

Quackgrass 

AMP 

1.21 

1.21 

Agrostis 

stolonifera 

Creeping 

bentgrass 

APM 

1.48 

1.48 

Agrostis 

tenuis 

— 

P 

1.36 

1.36 

Cerastium 

holosteoides 

— 

P 

1.46 

1.46 

Chenopodium 

album 

Common 

lambsquarters 

AM 

2.12 

1.25 

Convolvulus 

arvensis 

Field bindweed 

A . 

2.44 

1.36 

Cynosurus 

cristatus 

Crested 

dogtailgrass 

P 

1.54 

1.54 

Dactylis 

glomerata 

Orchardgrass 

PM 

1.31 

1.31 

Festuca rubra 

Red fescue 

P 

1.18 

1.18 

Holcus lanatus 

Velvetgrass 

PM 

2.01 

1.56 

Matricaria 

matricariodes 

Pineapple weed 

A 

1.17 

1.17 

Plantago 

lanceolata 

Buckhom 

plantain 

P 

1.70 

1.40 

Poa annua 

annual 

bluegrass 

AM 

2.70 

1.74 

Poa trivialis 

— 

PM 

1.40 

1.40 

Polygonum 

aviculare 

Prostrate 

knotweed 

A 

1.43 

1.43 

Polygonum 

convolvulus 

Wild 

buckwheat 

A 

1.92 

1.35 

Ranunculus 

repens 

Creeping 

buttercup 

P 

1.39 

0.93 

Senecio 

vulgaris 

Common 

groundsel 

M 

1.63 

0.84 

Stellaria 

media 

Chickweed 

AM 

2.43 

2.09 
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Table 5.11 

( Continued ) 




Common 

Site R max 

R 

Species 

Name 

Association^ (g/g * week) 

(g/g -week) 

Taraxacum 

officinale 

Dandelion 

P 1.19 

1.19 

Trifolium 

repens 

White clover 

P 1.26 

1.26 


Source: Grime and Hunt (1974). 

a Rmax is the highest value of R obtained for each species during the periods of observation, R was 
calculated by Grime and Hunt from Fisher’s (1920) formula (log, W 5 - log,, W 2 )T, where W 5 and 
W 2 are whole plant dry weights at 5 and 2 weeks, respectively, and T is the time interval, 3 
weeks. 

fc Site associations for plant species were determined from Table 1 of Grime and Hunt (1974). 


Growth Analysis When Species are Grown Separately 

Patterson (1979) found that shading markedly reduced dry matter produc¬ 
tion (AW) and relative growth rate ( R w ) of itchgrass (Rottboellia exaltata) 
(Figure 5.16). However, leaf area production was less severely reduced by 
shading than was total biomass production. The SLA values derived in 
Patterson’s experiment indicate that leaves of itchgrass produced in the 
shade (25% of full sun) were thinner and less dense (5.2 dm 2 /g) than ones 
grown in full sunlight (3.1 dm 2 /g). The partitioning of plant biomass into the 
leaf component (LWR) increased from 0.31 g/g at full sunlight to 0.50 g/g at 
25% shade. Therefore, the combined increases in SLA and LWR in re¬ 
sponse to shade also resulted in great increases in LAR (Figure 5.16). The 
increases in LAR, shown in Figure 5.16, represent an adaptation of itchgrass 
to shading at the whole plant level. With itchgrass, the investment of plant 
biomass under a light-limited regime is increasingly toward the production 
of more light-harvesting apparatus, rather than other components of plant 
biomass. Patterson (1979, 1982) further suggests that this characteristic of 
itchgrass to maintain the potential for high photosynthetic activity even in 
light-limited conditions can help explain this species’ ability to compete 
effectively with tall and dense crops, such as corn or sugarcane. 

Potter and Jones (1977) reported that relative growth rates (R w ) and rela¬ 
tive leaf area expansion rates ( R a ) of corn, cotton, soybean, and six weed 
species were greater at day/night temperatures of 32/21°C than 21/10°C or 
38/27°C. At all three temperatures, the weeds had higher R w and R a values 
than the crops, thus indicating a possible competitive advantage for the 
weed species. Patterson et al. (1978) observed that shading greatly reduced 
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Figure 5.16 Effects of shading on relative growth rate ( R w in g/g • day), net 
assimilation rate (NAR in g/dm 2 • day), and mean leaf area ratio (LAR in dm 2 /g) 
of itchgrass 8-23 days after planting. (From Patterson, 1979.) 


both R w and R a of cotton, velvetleaf ( Abutilon theophrasti), redroot pigweed 
(Amaranthus retroflexus), and hemp sesbania ( Sesbania exaltata). However, 
R w and R a of the weeds were always greater than those of the crop at every 
light level. 

Growth advantages, once established, appear to have serious conse¬ 
quences for season-long competition. For example, the growth responses of 
cotton, velvetleaf (A. theophrasti), and spurred anoda (Anoda cristata) were 
studied by Patterson and Flint (1979) in controlled-environment experi¬ 
ments to determine the importance of early season chilling events on compe¬ 
tition. They found (Table 5.12) that a 3-day chilling period (17/13°C for day/ 
night temperatures) reduced dry matter (W) and leaf area production in all 
species when compared to other plants maintained at a temperature regime 
of 26/21°C. However, the chilling reduced the growth of cotton more than 
that of the weeds (Table 5.12). The poor response of cotton in relation to the 
weeds appeared to be associated with the long-term effects of cold treatment 
on leaf area since LAD (leaf area duration) was reduced more than NAR. 

All the above studies were conducted with individual plants of each 
species that were grown under controlled experimental conditions. How¬ 
ever, these studies indicate that the competitive balance, in terms of physio¬ 
logical or morphological growth responses of the individuals, can be signifi¬ 
cantly altered by the external environment. In addition to predicting the 
conditions under which weeds may be most competitive, such comparative 
studies also suggest that the competitive relationship among crops and 
weeds might be modified by manipulation of the microenvironment to favor 
one species over the other. 




Table 5.12 Biomass Increments (AW), Net Assimilation Rates (NAR), and Leaf Area Durations (LAD) of Cotton, Spurred 
Anoda, and Velvetleaf 


2 

> 


CO 

O 

c 

< 

"a 

<D 


3 

GO 


Q -S 
< • 
j-J ^ 
£ 
T3 


>> 

a 

PC 
< 

Z £ 


<1 


Q 

< • 


cc 7 

^ Cl 

Z £ 


<1 ~ 


Q 


£ 

-a 


>> 

cd 

ry- 

PC . 

^ d 

£ £ 


bJO 


+ 

1 

+ 

oq 

00 

CD 

CO 

co 

00 

CD 

ID 

05 



oq 


8 8 3 


+ 

1 

1 

+ 

+ 

1 

ID 

1> 

00 

oq 

© 

s 

pH 

§ 

© 

© 

© 


© 

© 

© 

© 

© 

© 

+ 

1 

+ 

1 

+ 

1 

t—( 

o 

© 

co 

H 

35 

oq 

co 

© 

s 

© 

L- 

ID 

© 

CO 

ID 

O 

© 

oq 

oq 

H 

© 





i—1 

r-H 

+ 

1 

+ 

1 

+ 

1 

ID 

t-H 

i> 

© 

CO 

CO 

tT 

CO 

co 

oq 

© 

ID 

CD 

ID 

ID 

00 

s 

L~‘ 



CO 

oq 

© 


+ 

8 


i i + 

CD CM lO TT to 
Cl (M (M i—i CM 


o o o o o o 


+ 

1 

+ 

1 



00 

r-H 

ID 

© 

© 

QC 

oq 

t" 

00 

oq 

© 

t- 

© 

© 

oq 


© 

Tf 


© 

+ 

CO 

oq 

oq 





pH 


+ 

1 

+ 

1 

+ 

1 

oo 

oq 

© 

oq 

© 

00 

oq 

00 

f-H 

© 

ID 


ID 

+ 

oq 

oq 

00 

s 

+ 

ID 


+ I I + + I 

(N h oo h N O) 

Cl O) N 00 O 03 

© © O o 

© © © © © © 


c 2 
o o 
U U 


+ 1 + 1 


© 

s 

© 

© 

© 

© 

8 


t-- 

tT 

© 

CO 

© 


H 

© 

16 


c 2 
o o 
U U 


2 

"o 


o o 
U U 


w 

<U 

2 

> 

cK bJO 

CO C 

D- 




oq 

oq 

CC 

05 

C/5 -H 

S' u 

oq 

) 

oq 

1 

co 

1 

*? 

1 

1 

2 

C 

3a 

TT 

oq 

+ 

oq 

L~ 

oq 

oq 

s 

TT 

CO 


2 •- 
© 0) 

C 3 

S 13 

9 u 


<v 

bJO 


0) 

^ 2 

. Q5 

bJO 

a - M 

If 

Pit 05 
05 ID 

^ d 

M 

T3 £ 

L- cO 

eg ^ 

l 

5 r 

ii> j= 

U - 

CO .a 

D- .c 
o jg 

■if 

V) C 

o £ 

ex. -5 

X c 
05 *-< 

05 ~tn 
U fl) 

> u 
^ cO 
v> J3 

C 05 
2 £ 
cit £ 

C/1 

05 

O *5 

u ^ 

5 c 

^ r 

S +3 

e ^ 

■3 -M 

S s 
a 8 
■oS • 

8 .SP 1 

v) cO 

| -=5 Jj 2 

*oS 42 2 *+■* 
a c c c 

2 2 S £ 

VI a 2 

5 05 £ 

2 b T3 

6 o g c 

u cO o 

■83 + i 

O aj 5 
S O . CO 

O >s Q, 

co 


185 









186 


LIMITING FACTORS AND PHYSIOLOGICAL RESPONSES 


Growth Analysis When Species Are Grown in Mixture 

When plant species are grown together they often respond differently to 
environmental factors than when they are grown separately. Thus in assess¬ 
ing the relative aggressiveness of species that exist in 'mixed stands, it is 
insufficient to study their growth responses as only isolated individuals or 
even as pure stands. Williams (1963) demonstrated this point by growing 
three clover species in the field as either pure stands or as various species 
combinations in mixture. The three clovers, subterranean clover (Trifolium 
subterranean ), rose clover (T. hirturn), and crimson clover (T. incarnatum ) 
were grown separately (2500 plants/m 2 ) or in the various possible combina¬ 
tions of species as 1:1 mixtures. Water and nutrients were added periodi¬ 
cally during the experiment so that solar radiation was the major resource for 
competition. 

Williams observed that initially rose and crimson clovers had larger coty¬ 
ledons than subterranean clover. However, as subterranean clover attained 
full canopy development, it became the dominant species when grown with 
either of the other two clovers. The relative growth rates ( R ) of the three 
species grown in pure stands were similar throughout the growing season 
(Table 5.13). However, in mixed stands R of subterranean clover always 
increased substantially at the expense of the other species in the mixture, 
which declined in R. A similar response also was observed with net assimila¬ 
tion rate (NAR). Thus relative species dominance, that is, competitive suc¬ 
cess, resulted from changing patterns of R and NAR as the species devel¬ 
oped through the vegetative phase. That both R and NAR were similar 
among the species when they were grown alone indicates a common physio¬ 
logical response to a common resource. 

Species growing in mixtures also may compete for more than a single 
resource. For example, mutual interference among plants that are growing 
together should occur for available resources both above and below the 
ground. Aboveground competition is primarily a function of canopy devel¬ 
opment and shading, whereas belowground competition may be for water, 
nutrients, or both. Therefore, it is important to determine the source of 
competition, that is, resource availability, as well as the growth responses 
among the species that result from the interference. In the following study 
conducted by Welbank (1961), the impact of root competition by quackgrass 
(Agropyron repens), as influenced by nitrogen fertility and water abun¬ 
dance, was assessed by the analysis of their effects on the growth characteris¬ 
tics of an indicator species (lmpatiens parviflora). In this experiment Wel¬ 
bank transplanted young plants of 7. parviflora into large pots of soil in which 
quackgrass already was established. In all the pots quackgrass roots had been 
excluded from the zone of soil into which the indicator species was planted 
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Sowrce: Williams (1963). 
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Figure 5.17 Arrangement of pots for growing Impatiens parviflora with and 
without root competition from quackgrass (Agropyron repens). (From Wel- 
bank, 1961.) 


(Figure 5.17). Then root invasion by quackgrass was allowed in one-half of 
the treatments, whereas in the other half quackgrass roots remained ex¬ 
cluded from those of I. parviflora. Two levels of nitrogen (a base level in the 
soil mix and that base level supplemented by 100 ppm of nitrogen) and 
watering (natural rainfall and natural rainfall plus supplementation to field 
capacity every other day) also were included in the experiment. Thus Wel- 
bank assessed the effects of quackgrass competition on the growth of I. 
parviflora under two regimes of soil moisture and soil fertility. The experi¬ 
ment was conducted under field conditions. Two sequential harvests of I. 
parviflora biomass were made after 7 and 14 days of growth, and the relative 
growth rate (R), net assimilation rate (NAR), and leaf area ratio (LAR) were 
derived from the data collected. 

Welbank (1961) found that root competition by quackgrass caused a large 
depression of R of the indicator plant (Figure 5.18) (compare 1 to c). How¬ 
ever, the depression of R caused by competition usually was less in the 
presence of high nitrogen (nc), abundant water (wc), or high levels of both 
factors (nwc). The reduction in R from competition when low levels of the 
two factors were present (c) was always most severe. These data (Figure 

5.18) indicate that root competition involved both water and nitrogen, but 
the limitation of water probably was the more important of the two factors. 
Competition (c) also resulted in a corresponding reduction in NAR and LAR 
of the test species, especially during the second week of the study (Figure 

5.18) . These results indicate that root competition had a significant impact 
upon the canopy development (LAR) and photosynthetic ability (NAR) of 
the indicator plant. Welbank noted that competition also decreased root 
growth of the indicator species. The highest nitrogen level reduced the 
effect of root competition on both NAR and LAR, whereas additional water 
had little effect on LAR but actually decreased NAR of the indicator. In¬ 
creased nitrogen fertility apparently allowed more canopy growth of the 
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Figure 5.18 Growth analysis data: relative growth rate, (R), leaf area ratio 
(LAR), and net assimilation rate (NAR) of I. parviflora with and without root 
competition from A. repens. First-week values are above and second-week 
values are below, n, w, and c refer to the use of the high level of nitrogen, 
water, or competition, respectively while their absence indicates the use of the 
low level of each factor. The symbol 1 refers to the low level of all factors. 
Standard error of the mean and least significant difference at the 5% level are 
shown as vertical lines. (From Welbank, 1961.) 


indicator species which overcame the impact of root competition to some 
extent. Increased water availability, however, favored the quackgrass to 
such an extent that leaf productivity of I. parviflora declined as a result of 
the increased competition. Welbank, based on other studies with I. par¬ 
viflora, indicates that the root competition by A. repens demonstrated in 
this study would be similar to the effect of a 90-95% reduction in light 
intensity from that of full sunlight. 

Comparative studies between weed and crop species, utilizing either 
controlled environments or field conditions and mathematical growth analy¬ 
sis procedures, are a valuable tool in developing weed management strate¬ 
gies. Patterson (1982) indicates that weed phenology models developed 
through growth analysis, and the identification of limiting resources, may aid 
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in determining critical stages in weed life cycles, in scheduling timely appli¬ 
cation of control practices, and in synchronizing biological control methods. 
Likewise, weed productivity models, which may ultimately interface with 
crop productivity models, should aid in the prediction of the competi¬ 
tiveness of specific weeds with specific crops and in the establishment of 
economic threshold levels for weed infestations. Once important factors for 
competition and their impacts on plant growth are known, it becomes possi¬ 
ble to manipulate the system to facilitate crop productivity. 


SUMMARY 

In this chapter the impact of competition on resource limitation and thus 
plant productivity was explored. A distinction was made between environ¬ 
mental resources that are consumed during plant growth and environmental 
conditions that influence growth but are not consumed by the plant. The 
outcome of competition may be influenced by either resources or conditions, 
but it is for environmental resources that competition between neighboring 
plants must occur. However, it often is difficult to assess whether resource 
limitation causes competition or results from it. For this reason we examined 
competition on the basis of physiological processes which affect plant 
growth, development, and productivity. 

Photosynthesis is the only physiological process by which plants apprecia¬ 
bly increase their biomass. The resources directly involved in photosyn¬ 
thesis are light, C0 2 , and water. In addition to being a substrate for photo¬ 
synthesis, water also is involved in leaf cooling and is a component of most 
metabolic processes in the plant. Nutrients likewise are an important re¬ 
source, and many are components of enzymes that act as catalysts for numer¬ 
ous physiological processes. 

Competition for light differs from competition for other resources because 
a photon, which becomes available instantly, must be used immediately by a 
leaf or it is lost as a photosynthetic energy source for that leaf. This character¬ 
istic of light is in contrast to other resources that can be collected, trans¬ 
ported, and stored for later use by the plant. Because of the nature of light as 
a resource, an important factor in competition for light among species is the 
physical position of leaves of one plant in relation to the leaves of a neigh¬ 
boring plant. The concept of leaf area index (LAI) was introduced as a means 
to study the mutual effects of weed and crop species on canopy develop¬ 
ment, and to assess possible competitive advantages among species in the 
field. 

Weed and crop species fix carbon dioxide (C0 2 ) into sugars by either of 
two major photosynthetic pathways, that is, as either C 3 or C 4 plants. Many 
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summer annual weeds and crops possess the C 4 pathway of C0 2 fixation, 
whereas the C 3 pathway is more prevalent among winter annual weeds and 
cool-season crops. Under conditions of high light intensity and high temper¬ 
atures, C 4 plants seemingly are competitively superior to C 3 species. How¬ 
ever, under moderate conditions the photosynthetic advantages of the C 4 
pathway are diminished, and C 3 species are often superior. Several possible 
competitive interactions were proposed based on physiological differences in 
the carbon fixation pathways among species. Although preliminary analyses 
among C 3 and C 4 crops and weeds support those suggestions, additional 
research in this area would be beneficial. 

Water is a major component of plant life. The amount of water available 
for plant use is determined by the seasonal supply of rainfall or irrigation, 
root structure and distribution in the soil, and the water use efficiency of 
individual plant species. Usually competition among species for available soil 
moisture is most significant in arid regions, where the water supply cannot 
be supplemented by irrigation. The excellent work conducted by T. K. 
Pavlychenko has provided considerable insight into the rooting patterns of 
both weeds and crops grown under competitive and noncompetitive re¬ 
gimes. His studies indicate that under dryland agricultural conditions, dif¬ 
ferential root development among weeds and crops ultimately determines 
the outcome of competition. Crops that have the capacity for early and rapid 
root growth, relative to that of associated weed species, should maintain 
their competitive advantage for water throughout the growing season. 

The physiological basis of competition for water also was explored in this 
chapter. The fact that stomates are involved in gas exchange for photosyn¬ 
thesis and as a control of transpiration indicates a close relationship between 
plant water status and species productivity. When competition for water 
occurs between species, a water use pattern involving relatively poor 
stomatal control, high transpiration rates, and high leaf productivity is a 
desirable strategy for a competitor. However, the high level of water stress 
associated with such a water use pattern must be tolerated by the competitor 
in order for an advantage over another species to result. By utilizing a 
disproportionately large amount of water via transpiration, a competitor can 
limit the availability of that resource to its neighbor. It appears that the 
amount of water available for use under a competitive regime is determined 
by differential degrees of stomatal control exhibited among the species. Thus 
water “users” control the availability of the resource, whereas water “conser- 
vers” sacrifice some productivity in order to survive in a water-limited envi¬ 
ronment. The increased water use efficiency of plants with the C 4 pathway of 
carbon fixation was found not to impart competitive superiority to C 4 plants 
over C 3 plants. 

Nutrients are also a major source of competition among neighboring plant 
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species. Often when weeds are grown in association with a crop the nutrient 
status of the crop declines when compared to that of the crop growing alone. 
In some crop and weed combinations the weeds may even consume nutri¬ 
ents luxuriously, relative to the crop. The crop response from added fertility 
was found to be affected by the total plant density, with highest yields always 
occurring when fertility was high and spacing between plants was optimal. 
Thus the absence of weeds in a cropping system should reduce the total 
plant density in the field, improve nutrient availability to the crop, and 
increase yields. Furthermore, increased fertility does not substitute for 
weed density reduction in a cropping system. Whether the effect of nutrient 
availability and plant density on crop yields is due to luxurious consumption 
of nutrients by weeds or to interactions with other features of plant growth is 
an intriguing area for additional research. 

When developing management practices to decrease the effects of weed 
competition on crop productivity, it is useful to know for which resource 
competition is likely to occur. It also is useful to know the extent of the 
resource limitation that is caused by the weeds’ association with the crop. 
However, the causes and effects of competition are not easily separated, and 
resource interactions may be so interrelated that it is impossible to untangle 
them. Since the ultimate effect of resource availability is to influence plant 
growth, it is likely that components of growth can be used to integrate and 
predict the effects of competition between crop and weed species. Total dry 
matter production and leaf area expansion are important integrative pro¬ 
cesses in determining vegetative growth and potential competitiveness. The 
technique of mathematical growth analysis, proposed by Blackman et al. 
(1919), and described by Hunt (1978) and Evans (1972), provides a useful 
tool with which to examine these processes in considerable detail. Important 
growth parameters that should influence competition are relative growth 
rate (ft), net assimilation rate (NAR), and leaf area ratio (LAR). NAR is a 
physiological measure, expressing the amount of total weight produced per 
unit of leaf area. LAR, the amount of leaf area produced per unit of total 
plant weight (relative leafiness), is a morphological expression. The amount 
of dry matter produced by an individual plant is an indicator of its overall 
utilization of the resources available for plant growth. Dry matter production 
may be expressed as mean relative growth rate (ft), which is the product of 
average net assimilation rate (NAR) and LAR. The maximum potential rela¬ 
tive growth rate (ft max ) of individual plants has been used by Grime and Hunt 
(1975) as an indicator of overall potential competitive ability. They observed 
that the majority of weeds on arable land in their study were annuals of high 
relative growth rate. 

Comparative studies between crop and weed species that use growth 
analysis techniques are valuable because the changes in growth response to 
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the availability of a resource indicate when in the development of the crop or 
weed competition may be most detrimental to yields. Such analysis also 
indicates how the limitation of one resource influences the availability of 
others as the crop developmentally and physiologically proceeds through the 
growing season. By determining the growth characteristics of weed species 
when exposed to varying levels of environmental resources or conditions, 
the potential range and degree of competitiveness can be determined. 

When species of either weeds or crops are grown together, the behavior 
of each species in the mixture is often different from when the species are 
grown separately. This observation results from mutual interference for both 
above- and belowground resources among the plants that are growing to¬ 
gether. Thus experiments in which mixtures of weeds and crops are grown 
under differing levels of resources are especially instructive about the effects 
of competition on the various aspects of weed and crop development. For 
example, the impact of root competition on canopy development, light avail¬ 
ability, and therefore productivity as the weeds and crop develop through 
the growing season can be determined from such experiments. 

In terms of weed control, it is important to know the environmental 
factor(s) for which the species are competing. Likewise, it is important to 
understand how the competition for and hence limitation of the factor(s) will 
affect the form and function of each species. Until such information becomes 
available to farmers and their advisors, critical periods of competition and 
weed threshold levels can be determined only through empirical means. 




Chapter Six 

The Agricultural 
Plant Community 


Plant species often are grouped together according to their presence 
within a common environment. This grouping of plant species is called a 
community (see Chapter 2). Whittaker (1970) defines a plant community as a 
system of organisms living together and linked together by their effects on 
one another and their responses to a commonly shared environment. Cer¬ 
tainly weeds, crops, and their common environments interact in a number of 
ways and to varying degrees. Thus they constitute plant communities. A 
community and its environment treated together as a functional system is 
known as an ecosystem. At this point it is appropriate to examine the “ag¬ 
ricultural” ecosystem in detail since species diversity, distribution, and pro¬ 
ductivity are determined by the complementary relationships that develop 
among weeds, crops, and the environment they both share. 


WEED/CROP DYNAMICS AND MANAGEMENT 

Although the relative economic losses associated with weed infestations 
have been determined for almost every crop, the actual competitive rela¬ 
tionships between crops and weeds are poorly understood. Zimdahl (1980) 
has identified nearly 600 publications which document the yield losses due 
to weeds in crops. However, most studies only describe the extent of yield 
or economic loss that occurs at various and sometimes arbitrarily determined 
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weed densities. Such studies do little to indicate either the plant features or 
resource limitations that account for the yield loss. In this respect, it appears 
that weed control typically has involved the treatment of symptoms, that is, 
the expected or actual presence of weeds, rather than observation of weed/ 
crop community dynamics and systematic prediction and control based on 
potential crop impacts. When and at what density does a particular weed 
adversely affect the yield of a particular crop? How long does the effect last? 
It is essential to determine basic crop and weed functions, especially relating 
to germination and growth, and to identify resource limitation in order to 
establish this basis for competition. Interactions with environment and man¬ 
agement practices that result in shifts in species composition or herbicide 
resistance also should be identified. Once these are known, appropriate 
weed control measures regarding both tools and suppression level can be 
suggested and the economic impact predicted with greater certainty. Con¬ 
comitant reductions in costs for weed control, improved yields, or both are 
then quite likely. 


IMPACT OF WEED CONTROL ON CROPS 

Weed control practices affect agricultural communities in two ways. They 
reduce the total plant density and alter the species composition of the com¬ 
munity. Both effects of weed control ideally should improve the relative 
position of the crop among the species that make up the agricultural plant 
community. Most cropping systems rely heavily on manual, mechanical, or 
chemical methods for weed removal. Each method can potentially reduce 
the density of weeds very well. Mechanical implements such as plows, disks, 
and harrows usually are considered to be nonselective in terms of the plants 
removed, and do not alter significantly the composition of the weed species. 
However, some tillage implements (Figure 6.1) are very selective and can 
influence markedly the composition of plant species occurring in a field. 
Obviously the crop pictured in Figure 6.1 should benefit from the selective 
reduction in weed density associated with the cultivation. Thus dominance 
may be shifted toward a single element of the agricultural community: the 
crop, weed species found within the crop row, or late germinating weed 
species that escape the cultivation. However, the potentially improved crop 
production resulting from weed manipulation does not occur as a direct 
result of the control measure, but is due to the concomitant availability of 
resources that resulted from the weed suppression. As the crop continues to 
usurp space (resources), it should become increasingly difficult for weeds to 
invade or to have a detrimental impact on crop productivity. The crop acts as 
a powerful weed control agent that can cause reduction in weed density or 
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Figure 6.1 Weed density reduction by tillage. Note the selective removal of 
plants between, rather than within, the crop rows. Photograph provided by 
R. F. Norris, University of California, Davis. 


shifts in weed species composition by causing a biological limitation of re¬ 
sources and/or conditions. This aspect of weed/crop competition has been 
used successfully to suppress weeds in several cropping systems, for ex¬ 
ample, alfalfa, pastures, and cover crops in orchards. Plant responses to the 
availability of resources and the impact of weed competition on crop yields 
have been explored extensively in several of the preceding chapters. 

Dawson (1970) noted critical phases during the life cycle of the crop when 
competition with weeds had the greatest impact on crop yield. For ex¬ 
ample, early in the association of sugarbeet and common lambsquarters 
(Chenopodium album ) studied by Dawson (Figure 6.2), both crop and weed 
grew as if unrestricted, with little effect on each other (compare yields of 
both species at 0 and 3 weeks of hand weeding). At a critical phase (time), 
shown in Figure 6.2 as the effect on yield at 5-9 weeks of hand weeding, 
both weed and crop exerted strong effects on each other. At later phases 
there was less impact from hand weeding on the crop yield, once an initial 
period of weed removal had occurred, demonstrating less importance of 
weed competition at that time. In management terms Dawson described two 
important stages of weed/crop interaction. In stage 1 (Figure 6.2) the timing 
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Figure 6.2 Yield of sugarbeet roots and lambsquarters (green weight of tops) at 
sugarbeet harvest from plots hand weeded for different periods after planting 
on March 9, 1963. (From Dawson, 1965.) 


(earliness) of germination and the rapidity of weed growth interact to limit 
severely the potential growth of the crop. When the crop reaches stage 2, 
which often is enhanced by weed control during Stage 1 (9 weeks in Figure 
6.2), the crop is dominant and therefore exerts considerable control of the 
weeds by itself. 


IMPACT OF WEED CONTROL ON WEEDS 

The spatial distribution of weeds within a particular cropping system is 
influenced by a wide range of cultural practices. Furthermore, a change in 
the way a crop is grown also may influence the weed species associated with 
that crop. Haas and Streibig (1982) provide striking evidence about how 
shifts in various agronomic practices from 1911 until the present have af¬ 
fected the weed flora of Denmark. By analyzing the distribution of weed life- 
forms in relation to the associated crops, Haas and Streibig documented a 
general rise in the abundance of annual weed species and a concomitant 
decrease in herbaceous perennials over the 60 years of their study. They 
believe that this change in life-form of the Danish weed flora has been 
enhanced by the greater soil disturbance that occurs from tractor-drawn, 
rather than horse-drawn, tillage implements. Frequent tillage was consid¬ 
ered to favor annual weeds whereas infrequent tillage practices, which are 
less common today, allowed biennial or perennial species to predominate. 

Haas and Streibig (1982) also analyzed the composition of the weed flora 
that occurred in several crops grown in Denmark. They found that the life- 
forms of both weeds and crop usually were similar and highly correlated. 
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Furthermore, they observed that certain weed species are more prevalent in 
certain crops now than they were in the same crops 60 years ago. Other 
species examined are less common now or else unchanged in frequency. 
Table 6.1 summarizes the occurrence of weed species in Danish spring 
cereals since 1918. It is apparent from Table 6.1 that no single factor can 
account for the changes in weed species distribution that have occurred over 
the last five decades. However, there is a general tendency toward increased 
nitrophily in those species that have remained unchanged or increased. 
Rutnex acetosella (sheep sorrel) has actually been disfavored by soil amend¬ 
ments (lime), since it is a calcifuge species and liming is now a common 
practice in Denmark. 

Most species in Table 6.1 that have increased over the years also tolerate 
or are favored by the soil compaction associated with combine harvesting. 
Matricaria matricariodes (pineapple weed) is noted for its ability to tolerate 
compacted ground. Haas and Streibig also showed that dicot species that are 
increasing in frequency in Danish cereal fields are more tolerant to certain 
herbicides (MCPA and dichlorprop) than species that are decreasing in 
frequency. The fact that cereal production has increased markedly in Den¬ 
mark and many other countries in western Europe also was noted. Thus a 
general decrease in crop rotation occurred during the last 30 years of their 
study because cereal crops are now planted with greater frequency. Since 
each crop has its own unique history in terms of tillage practices, fertility 
regimes, and harvesting methods, the shift toward cereal monocultures also 
has contributed to some of the species changes shown in Table 6.1. These 
and other data demonstrate that the weed species composition of many crops 
is quite dynamic and responsive to changes in cultural practices over time. 
Although it is often difficult to determine a single factor or group of factors 
responsible for shifts in weed composition, these shifts do occur and must be 
considered for weed/crop management. 

Populations within a weed species also may be influenced by cultural 
practices or harvest methods. For example, Schoner et al. (1978) have ob¬ 
served the predominant occurrence of prostrate forms of yellow foxtail 
(Setaria lutescens ) in alfalfa fields of California, in contrast to other alfalfa 
growing areas in other regions of the United States (Figure 6.3). The pros¬ 
trate form of this weed species apparently is favored by the frequent cutting 
cycle (21—28 days) common for alfalfa production in California. Recent stud¬ 
ies by Price et al. (1980) suggest that wild oat (Avena fatua) can be manipu¬ 
lated genetically by cultivation practices. By using gel-electrophoretic tech¬ 
niques, those workers determined that distinct wild oat populations exist 
under rangeland and cultivated (cereal) conditions. Though some overlap of 
wild oat populations exists among different environments, these data suggest 
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Figure 6.3 Diagrammatic comparisons of the mean growth pattern of culms 
of yellow foxtail biotypes. Drawings represent culm orientation at seedling, 
immature, and mature stages of growth of each biotype. Each drawing was 
constructed from measurements of extended culm length from base to tip, 
culm vertical height from soil surface to culm tip, number of nodes, vertical 
height of each node from the soil surface, internode length, and distance of 
each node from the culm base. Blackened circles represent the position of 
nodes. Open rectangles represent mature panicles. (From Schoner et al., 1978.) 
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that cultivation commonly associated with cereal production can result in 
subtle changes in the composition of the weed community from that of a 
rangeland environment. 


Impact of Herbicides 

Although changes in weed species composition occur with most forms of 
weed control, these changes are most obvious when herbicides are used. 
Changes in weed spectrum are probably due to the higher selective pressure 
that herbicides impose upon the weed community, in contrast to that of 
tillage or other control measures which are often less effective than her¬ 
bicides. Ashton and Crafts (1973) have reviewed numerous publications that 
demonstrate differential susceptibility of plant species to herbicides. Be¬ 
cause of interspecific selectivity, continued use of a particular herbicide 
often causes a shift within a weed community from susceptible to more 
tolerant species. For example, a species shift that favors grasses (Figure 6.4) 



Figure 6.4 Wild radish (Raphanus raphanistrum) present in a cereal field 
previously sprayed with 2,4-D. The weed survived the herbicide application 
because of poor application techniques which resulted in a strip of foliage that 
received no herbicide. Photograph provided by R. F. Norris, University of 
California, Davis. 
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is readily observed from applications of2,4-D for broadleaf weed control in 
cereals. The wild radish (Raphanus raphanistrum) pictured in Figure 6.4 is 
the result of a poor herbicide application technique that allowed some broad¬ 
leaf weeds to survive. The selective feature of herbicide use in crops is 
expected and in fact is encouraged, since it is the basis for effective chemical 
weed control in crops. However, applications of 2,4-D to cereals, when 
made annually for a number of years to control broadleaf weeds, also have 
favored the occurrence of grass weeds in the cereal cropping system (Fryer 
and Chancellor, 1970; Hay, 1976). Figure 6.5 illustrates the changes in the 
weed flora that Fryer and Chancellor (1970) believe have occurred over the 
last four decades in Great Britain. As a result of routine spraying of 2,4-D 
and related herbicides, many susceptible broadleaf weed species have de¬ 
clined in frequency, whereas grass weeds, such as wild oat (Avena spp.) and 
blackgrass (Alopecurus myosuroides ) have increased in importance (Fryer, 
1982). The observations of Fryer and his associates have been substantiated 
by Bachthaler (1967) in his study of the German weed flora. Over the 17-year 
period of Bach thaler’s study (1948-1955 and 1958-1965), he observed a 
reduction in weed species that were easily controlled by herbicides but an 
increase in the predominance of four grass weeds. 

Another example of a shift in weed species composition from herbicide 
use occurs when both crop and weed species are closely related taxonomi- 
cally. Plants frequently respond similarly to herbicides according to tax¬ 
onomic families, probably because similar taxonomic characteristics reflect 



Figure 6.5 Conjectured changes in the British arable weed flora over four 
decades. (From Fryer and Chancellor, 1979; reproduced by permission of the 
British Crop Protection Council.) 
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similar physiological or morphological traits that also affect herbicide perfor¬ 
mance. Trifluralin, for example, does not readily control plants in the family 
Solanaceae, and for that reason it is used for weed, especially grass, suppres¬ 
sion in such crops as tomato and potato that are in that family. Repeated use 
of trifluralin in tolerant crops on an annual basis frequently causes a shift in 
weed species composition toward nightshades (Solarium spp.). Observations 
of species shifts are not restricted to a few herbicides such as 2,4-D and 
trifluralin, but are of rather widespread occurrence and involve many her¬ 
bicides and many weed species. Other examples including the increased 
occurrence of pigweeds (Arnaranthus spp.) from napropamide, mustards 
(.Brassica spp.) from benefin, and common groundsel (Senecio vulgaris ) from 
diuron and terbacil use have been observed. 

Shifts in weed species composition within a crop/weed community are 
relatively common following repeated annual herbicide application. Such 
events were predicted in the mid-1950s by Harper (1957), who observed two 
phenomena: the selective control of weeds that occurred with herbicides and 
the occurrence of pest resistance to other pesticides and antibiotics. He 
predicted that plant species tolerant to herbicides eventually would replace 
susceptible ones in situations of repeated herbicide use. Also suggested by 
Harper was a cost to fitness associated with herbicide tolerance, implying 
that tolerant species would be less competitive than those they replaced. 

Because of the apparent widespread adaptability of weed species to her¬ 
bicides, more than a single chemical tool for each cropping system is 
needed. The phenomenon of herbicide tolerance also demonstrates the need 
for integrating chemical and mechanical weed control measures within a 
cropping system, or for using crop rotations. Such a variety of control mea¬ 
sures will help to ensure that herbicide-tolerant weed species do not build 
up in the weed/crop community. 

Herbicide Resistance 

There are no uniform and consistent definitions of “tolerance” and “resis¬ 
tance”; the terms often are used interchangeably. LeBaron and Gressel 
(1982) refer to tolerance as the normal variability to herbicides that exists 
among plant species and that can build up quickly in a population. Thus 
one species may be more tolerant than another to a given herbicide, and may 
increase in the population following use of that herbicide, even though both 
may be controlled at some level of exposure to it. Resistance involves the 
altered response to a herbicide by a formerly susceptible weed species to the 
extent that the species is no longer susceptible. Therefore, herbicide resis¬ 
tance may be viewed as the extreme level of herbicide tolerance. Though the 
occurrence of pesticide resistance in other organisms is widespread, there 
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are few examples of formerly susceptible weed species that have developed 
resistance to herbicides. The apparent lack of extensive herbicide resistance 
in plants even when herbicides are used repeatedly is probably due to a 
combination of factors. These factors include the relatively low persistence of 
most herbicides, lower fitness of resistant weed strains than susceptible 
ones, the ability of herbicide-thinned stands of susceptible weeds to con¬ 
tinue to produce seed, and the large soil reservoir of susceptible weed seeds. 
All these factors tend to maintain a large susceptible gene pool even under a 
regimen of repeated annual herbicide applications. 

A few natural weed populations have developed herbicide resistance 
(Table 6.2). In every case, resistance has occurred in the field after approxi¬ 
mately 10 years of successive applications of an s-triazine herbicide, usually 
atrazine or simazine. Biotypes resistant to atrazine also are resistant to other 
triazines, but they are susceptible to most non-triazine herbicides. Although 
the development of herbicide resistance in formerly susceptible species is 
not widespread, it is of considerable importance because it presents the 
biological tools to study herbicide selection pressure and weed evolution in 
the agricultural ecosystem. Through such studies it may be possible to 
understand how to retard the occurrence of triazine resistance or to delay 
shifts in tolerance to herbicides other than triazines. 

Impact of Triazine Resistance on Competition and Fitness. In many 
groups of organisms, when types that are differentially susceptible to a par¬ 
ticular factor are compared, the resistant one is often inferior, or less fit, than 
the susceptible one. This observation is consistent with the finding that 
triazine-resistant plants make up a remarkably smaller proportion of a weed 
population than do the susceptible ones in the absence of herbicide. If the 
two types were equally fit to survive and reproduce, they would be expected 
to exist in about equal proportions in the population. 

Conard and Radosevich (1979) determined that the dry matter production 
per plant of resistant common groundsel (Senecio vulgaris ) and redroot pig¬ 
weed (Amaranthus retroflexus) was 25 and 40% less, respectively, than that 
of the susceptible biotype of each species when grown under noncompetitive 
conditions. Holt and Radosevich (1983) evaluated growth and resource allo¬ 
cation throughout the life cycle of both biotypes of common groundsel also 
grown under noncompetitive conditions. Susceptible plants had significantly 
higher values for height, number of leaves, leaf area, and total dry matter 
production (Table 6.3). Net assimilation rate (NAR) was lower in resistant 
than susceptible plants, while mean leaf area ratio over a harvest interval (L) 
was higher in resistant plants. Relative growth rate (RGR) and resource 
allocation patterns were similar in both biotypes at most harvest dates (Table 
6.3). These results demonstrate that although the resistant biotype is limited 
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Metoxuron Poa annua Tolerance Artificially selected in field 

Norea Sorghum bicolor Tolerance Differences among 40 cul- 

tivars 

Siduron Agrostis palustris Tolerance Differences among cultivars 

Hordeum jubatum Tolerance Controlled by three domi- 
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rapa resistance 

Chenopodium album Resistance Worldwide distribution after 

repeated field applications; 
plastid-level resistance 
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turn among cultivars 

Solanum tuberosum Tolerance Differential metabolism 

among cultivars 

Triticum aestivum Tolerance Cultivar TAM W. 101 toler- 
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Source: Adapted from H. M. Lebaron and J. Gressel, Herbicide Resistance in Plants, Wiley, New York, 1982. 
" Biotypes resistant to one s-triazine are often resistant to others as well as triazinones. 
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in the absolute amount of photosynthate or biomass it can produce, it is 
similar to the susceptible in relative production or utilization of the photo¬ 
synthate (growth per existing biomass). 

In competition studies by Conard and Radosevich (1979), biotypes of 
either common groundsel or redroot pigweed were planted together under 
constant density but varying proportions. Susceptible plants were always 
more fit and therefore more competitive than resistant plants. However, 
since the long-term outcome of competition depends on the ultimate repro¬ 
ductive output of the plants involved, the proportion of the total seed output 
produced by each weed biotype under varying levels of interbiotype compe¬ 
tition also was measured (Figure 6.6). For both species the proportion of 
total seed produced by susceptible plants was always greater than the pro¬ 
portion of the susceptible plants present at any level of competition. Based 
on predictions made from Figure 6.6, population changeover from 98% 
resistant to 98% susceptible biotype would require only 9 or 10 generations 
for common groundsel and 10 or 11 generations for redroot pigweed. In field 
conditions in which competition is a factor, the frequency of resistant bio¬ 
types should be suppressed readily by the susceptible biotypes. A fitness 
differential of this magnitude is sufficient to explain why there would be no 
conversion to dominance by the resistant biotypes under normal conditions, 
that is, without atrazine application. 

Holt and her associates (1981) characterized and compared photosyn¬ 
thetic performance in both biotypes of common groundsel to understand the 
physiological basis for their fitness differences. The photosynthetic re¬ 
sponses to light of attached leaves of the susceptible and resistant biotypes of 
common groundsel are shown in Figure 6.7. The susceptible biotype had 
higher rates of net photosynthesis than the resistant biotype at all intensities. 
At similar conditions of illumination, water supply, temperature, C0 2 con¬ 
centration, and leaf development, the photosynthetic capacity of resistant 
plants was markedly lower than that of susceptible plants. In addition, the 
quantum yield of the resistant biotype was lower than that of the susceptible 
biotype. These results suggest an intrinsic alteration and inefficiency in 
photosynthetic light harvesting ability in the resistant biotype, a conclusion 
supported by studies with isolated chloroplasts. It is interesting to note that 
these processes of photosynthesis occur in the vicinity of the proposed 
chloroplast membrane alteration conferring resistance, (Pfister et al., 1979) 
and may be linked to it in some way. 

Implications of Herbicide Resistance for Evolution. Several aspects of 
herbicide resistance bear emphasizing in relation to their evolutionary, 
ecological, and management significance. It has often been suggested that 
natural or artificial selection that accommodates a particular environmental 




(Input Proportion of Susceptible Biotype) 

(a) 



(Input Proportion of Susceptible Biotype) 


(b) 

Figure 6.6 The proportion of total seed production (dry weight) of biotypes of 
Senecio vulgaris [a] and Amaranthus retroflexus (£>) that are susceptible (•) or 
resistant (O) to atrazine. The biotypes were grown together in varying propor¬ 
tions at constant overall density (de Wit, 1960). The predicted number of gener¬ 
ations for the population to change from 0.98 resistant to 0.98 susceptible 
biotype is indicated by the dashed line. Theoretical yield of the biotypes, if 
they had identical competitive abilities, is indicated by the solid diagonal line. 
The 95% confidence limits are shown as vertical lines. (From Conard and 
Radosevich, 1979). 
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Figure 6.7 The light response of photosynthesis of atrazine-susceptible and 
-resistant biotypes of S. vulgaris L. in the absence of herbicide. Each point is an 
average of measurements from five individual plants. Each vertical bar depicts 
one SE above and one SE below the mean. (From Holt et al., 1981.) 


factor may involve a biological “cost” (Dobzhansky, 1970; Gressel and Segel, 
1978). The rationale for this observation depends on an understanding of the 
genetics of the trait in question. Studies of the genetics of triazine resistance 
indicate that it is a maternally inherited trait (Darr et al., 1981; Souza 
Machado et al., 1978; Warwick and Black, 1980). It has been proposed that 
the triazine binding site in photosystem II is equivalent to the membrane 
polypeptide that appears upon greening in chloroplasts, which is encoded on 
chloroplast DNA (McIntosh et al., 1981; Steinback et al., 1981). A minor 
modification of the chloroplast DNA gene sequence may result in a struc¬ 
tural change of the chloroplast membrane which confers triazine resistance. 
It is intriguing that the same modification that confers resistance to photosys¬ 
tem II inhibitors, that is, triazines, also reduces the efficiency of photosys¬ 
tem II in these plants. In the unique case of triazine resistance, a genetic 
change giving an advantage in a herbicide treated area is also an adaptive 
disadvantage. Other systems do not so clearly demonstrate this “cost” to 
fitness because the alteration is not visible or does not affect a clearly 
definable component of the plant’s productivity. 

It is apparent that due to decreased photosynthetic efficiency and vigor, 
triazine-resistant plants are benefited only when growing in a field situation 
where triazines are used repeatedly. As recently developed biotypes/resis¬ 
tant weeds may not have had sufficient time, in an evolutionary sense, to 
respond to selection pressure which might result in more efficient organisms 
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capable of competing with their susceptible counterparts. Situations do oc¬ 
cur, however, where a weed community is dominated by resistant plants. It 
is clear that management practices should change to accommodate the po¬ 
tential for buildup of resistant populations. These have been considered 
from a theoretical basis by Gressel and Segel (1978), and several alternatives 
are possible: limit the use of soil-persistent herbicides, rotate chemical and 
nonchemical methods of weed control (including rotation of herbicide 
families with different mechanisms of action), use combinations of herbicides 
with different mechanisms of action, and rotate crops, where possible, to 
break up crop/weed syndromes. However, should resistance appear, it 
would be virtually impossible to reintfoduce susceptibility into that commu¬ 
nity at its preresistance level. It might be possible to retard the development 
of resistance by using the above alternatives, but once it appears, resistance 
is essentially irreversible. 


COMPETITIVE HIERARCHIES OF CROPS AND WEEDS 

Because of the competitive relationships that exist among weeds and 
crops, it is tempting to suggest the presence of a competitive hierarchy 
within cropping systems. The rank of each species in the hierarchy would be 
determined by inherent differences in competitive ability or fitness. Al¬ 
though equal proportions of species usually do not exist in mixed stands of 
weeds, it is uncertain whether hierarchies of competitiveness actually occur. 
Certain weed species often predominate under one set of environmental 
conditions, but exist at low or inconspicuous densities when exposed to a 
different environment. Thus the relative abundance of a species in mixture 
may be caused by either the habitat or the occurrence of other plants. 

Studies have been reported in which a clear order of competitiveness 
among the weed and crop species examined has been demonstrated. Obeid 
(1965) conducted such a study using flax and two weed species, large-seeded 
false flax (Camelina sativa) and alyssum (Berteroa incana). He observed that 
flax was always most competitive, followed by false flax, and then alyssum. 
Unfortunately, other studies are less definitive than the above example and 
competitive hierarchies established for one cropping system often are re¬ 
versed in others. Welbank (1963) reported such a reversal of apparent com¬ 
petitiveness. He observed that the hierarchy of competition among weed 
species interfering with wheat reversed when they were grown with sugar- 
beet. 

Pickett and Bazzaz (1978) examined the competitive relationships and 
degree of niche overlap of six annual weed species of central Illinois (Table 
6.4). In order to determine differences in response to habitat, the weeds 
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Table 6.4 Proportional Similarity of Species along a Moisture Gradient Based 


on Vegetative Biomass Productivity 


Abutilon 

Amaranthus 

Ambrosia Chenopodium 

Polygonum 

Setaria 

Abutilon 

1.000 

0.743 

0.748 

0.869 

0.373 

0.886 

Amaranthus 


1.000 

0.774 

0.789 

0.390 

0.711 

Ambrosia 



1.000 

0.664 

0.582 

0.798 

Chenopodium 




1.000 

0.313 

0.778 

Polygonum 





1.000 

0.487 



X = 0.660 

± 0.186 




Abutilon 

1.000 

0.818 

0.826 

0.923 

0.790 

0.812 

Amaranthus 


1.000 

0.767 

0.803 

0.664 

0.745 

Ambrosia 



1.000 

0.785 

0.797 

0.858 

Chenopodium 




1.000 

0.782 

0.799 

Polygonum 





1.000 

0.799 



x = 0.798 

± 0.055 






t =2.748 

.02 > p > .01 





Note: The upper matrix is overlap within the mixed stands, and the lower matrix is overlap 
among the pure stands. Means appear below each matrix, and t-test results comparing the arc- 
sin transformed matrices appear at the foot of the table. Weed species listed are Abutilon 
theophrasti (velvetleaf), Amaranthus retroflexus (redroot pigweed), Ambrosia artemisiifolia 
(common ragweed), Chenopodium album (common lambsquarters), Polygonum pensylvanicum 
(Pennsylvania smartweed), and Setaria faberii (giant foxtail). 

Source: Pickett and Bazzaz, 1978, Ecology 59: 1248-1255. Copyright © 1978 by the Ecological 
Society of America" 


were grown separately and together along a soil moisture gradient estab¬ 
lished in the greenhouse. The gradient ranged from saturation (resource 
state 1) to 10% soil moisture (resource state 6). As shown in Table 6.4, the 
larger the calculated proportion of similarity the greater is the overlap be¬ 
tween the two species in vegetative response to habitat variation. These 
authors observed that all of the species overlapped considerably when grown 
in pure stands (x - 0.798), reflecting broad and similar niche requirements. 

When species mixtures were examined, the competitive tactics employed 
by various members of the weed assemblage could be determined from 
habitat shifts and species productivity in response to resource state (Figure 
6.8). All species grown in pure stands behaved as generalists, exploiting 
resources along the entire moisture gradient. In mixture, however, both 
giant foxtail (Setaria faberii ) and redroot pigweed (Amaranthus retroflexus) 
were major competitors, and they controlled the resource through exploita¬ 
tion and interference (Pickett and Bazzaz, 1978). It is obvious from Figure 
6.8 that the relative species contribution to the mixture changed in response 
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MIXED 


PURE 



23456 I 23456 
RESOURCE STATE 


Figure 6.8 Percent of total state productivity realized by each species. Plants 
were grown in mixture and separately along a soil moisture gradient in the 
greenhouse. The gradient ranges from saturation (resource state 1) to 10% soil 
moisture (resource state 6). The mixed stand data appear in the left panel, and 
results for the pure stands are combined in the right panel. (From Pickett and 
Bazzaz, 1978, Ecology 59: 1248-1255. Copyright © 1978 the Ecological Society 
of America.) 


to both resource state (habitat) and competitive environment (occurrence of 
other species). Thus each species in this study had a range over which it was 
a better competitor than some or all of the other species. The response of 
individual species to interspecific competition ranged from dominance 
(Setaria faberii, giant foxtail, and Amaranthus retrojlexus, redroot pig¬ 
weed), to displacement of the population center to a region of relative 
superiority (Polygonum pensylvanicum, Pennsylvania smartweed, and Am¬ 
brosia artemisiifolia, common ragweed), to suppression ( Chenopodium al¬ 
bum, common lambsquarters). In the field a species may exhibit any of the 
competitive tactics demonstrated by Pickett and Bazzaz depending upon the 
physical conditions of the site (microenvironment) and the presence of 
neighboring plants. 

Within the context of the agricultural community, weed management is 
imposed on a system where there are no readily obvious competitive hierar¬ 
chies among weeds or crops. In other words, the dominance in this system is 
based on densities or spatial patterns brought about by germination charac¬ 
teristics and growth parameters of the individual species, rather than simply 
inherent differences in fitness. Thus relative competitive advantage may be 
determined by year-to-year climatic variation, disturbance, or even weed 
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Figure 6.9 Growth curves for three weed species under an environmentally 
neutral regimen (32°C mean daily maximum and 13°C mean daily minimum 
temperatures) in which no competitive advantage results to any species. (From 
Roush and Radosevich 1983.) 


control practices. In preliminary experiments by Roush and Radosevich 
(1983) the growth characteristics of three weed species, redroot pigweed 
(Amaranthus retroflexus), common lambsquarters (Chenopodium album), 
and barnyardgrass (Echinochloa crus-galli ) were compared (Figure 6.9). 
Nearly identical growth curves for the three species resulted under the 
ambient regime of their study. These data suggest that no inherent competi¬ 
tive advantage exists among these weed species, although they exhibit differ¬ 
ent life-forms (dicot vs. monocot) and physiological functions (C 4 vs. C 3 ). 
Competition within a cropping system must be considered to be relative 
among the crop and weed species involved and under the environmental 
constraints of the site and the growing season. 


PREDICTION OF WEED COMPETITION 

Given the seasonal and annual fluctuations in environmental conditions or 
long-term changes in cultural practices, shifts in the species composition of 
any weed/crop community are likely. Thus the necessity to predict the 
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occurrence and competitve success of weed species under the constraints of 
a productive but constantly changing environment is evident. Since the 
agricultural plant community probably maintains a full complement of weed 
seed in the seed bank (see Chapter 3), the competitive edge for either crop 
or weed species is based on the probability of an initial interspecific en¬ 
counter and the subsequent ability of the individuals to grow. In this re¬ 
spect, demographic relationships such as those demonstrated by Sagar and 
Mortimer (Chapter 3) should be useful in assessing the potential density of 
individual weeds and the likelihood for those individuals to interact with the 
crop or with other weeds. 

In order to predict the competitive relationships in weed/crop com¬ 
munities one must consider three key factors. These factors are spatial ar¬ 
rangement, timing of germination, and growth rate of the plants. A plant 
that is separated from, establishes before, or grows faster than its neighbors 
should have the competitive advantage when interacting with other plants. 
If all the resources necessary for plant growth are integrated into the concept 
of “space, ” then capture of space also can be viewed as a key function in 
competitive interactions between (and within) species. In the absence of 
other forms of negative interference plants that maximize space capture 
relative to their neighbors by the three factors listed above should be most 
successful (competitive). 

Ross (1968) examined the effects of timing and spatial arrangement on 
space capture by varying the emergence time of 10 randomly placed seed¬ 
lings of orchardgrass (Dactylis glornerata) which had the same growth rate 
(see Figure 4.4). He found a negative linear relationship between mean 
weight and emergence ranking, showing that early plants had preempted a 
disproportionately greater share of the resources and were larger. Ross 
found timing of emergence to be of greater significance to space capture than 
spatial arrangement of the seedlings; furthermore, the amount of resources 
available was more important than the timing of placement (emergence). 
These observations are substantiated by the models of Fischer and Miles 
(Table 4.5) in which the greatest competitive advantage by a weed would 
result by combining early germination and rapid radial expansion (growth). 
The maximum relative growth rate of a plant may be considered its potential 
for rapidly extracting resources (space) and competitively excluding other 
species. Early germination may be visualized as a temporal adaptation to 
the same end, that is, preempting resources from competitors. For plants 
that germinate contemporaneously, seedlings that can grow faster and usurp 
a disproportionate share of the space (resources) more quickly probably will 
be more successful. However, a fast growing but late emerging plant may 
not be at a disadvantage to an early emerging, slower growing plant if it can 
usurp space (resources) faster than the early plant can preempt it. 
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Earliness of germination can be determined by measuring its response to 
temperature or other environmental factors, and growth parameters and 
indices can be measured and derived mathematically (see Chapter 5). The 
success of a species (crop) relative to its competitors (weeds) then should be 
predictable as a function of growth and germination of both species. The 
probability of competitive success may be expressed as a function of the 
following interaction: 

p(competitive success) = /(growth rate x earliness of germination) 

Although this relationship appears to be reasonably straightforward, no 
studies are available that explore competition of weed/crop associates in 
terms of differential growth rates and germination characteristics among the 
species. Both parameters have been studied separately, however, for 
numerous crop and weed species. It appears that the demographic model of 
Sagar and Mortimer (Chapter 3) combined with growth analysis studies on 
weeds and crops grown separately (Chapter 5) and together (Chapters 4 and 
5) would be most useful in this regard. Once the basic relationships between 
germination, growth, and competition have been determined for specific 
weed/crop combinations, further experiments can be initiated to link man¬ 
agement practices more closely with community structure. For example, if 
the ability of the most competitive species to interfere with the crop is based 
on early germination, the management option may be early cultivation and 
planting. However, if species proportion, rapid growth rate, or canopy de¬ 
velopment are the most important variables, weed density thresholds and 
optimum times of control should be considered. 


CRITICAL PERIOD FOR CONTROL 

Zimdahl (1980) (after Dawson, 1970) reported in his review of crop and 
weed competition two methods to determine the period of time during 
which weeds and crops actively compete. In both methods crop yields are 
used as the measure of weed impact. In one method weeds and crops are 
grown together for differing periods of time until weed removal, and the 
crop is subsequently grown weedfree until harvest. Table 6.5 lists numerous 
crop and weed combinations for which the presence of a single weed species 
or mixed stand of weeds for some initial period of the crop life cycle did not 
seriously reduce crop yields. For most of the crops in Table 6.5, weeds could 
be tolerated for a number of weeks after emergence without a significant 
yield reduction. After this time period, the continued presence of weeds was 
detrimental to crop productivity. Thus values presented in Table 6.5 suggest 



Table 6.5 Early Weed Competition Duration Tolerated without Yield Loss by 
Crops 

Length of Time (weeks) 

Competition is 
Tolerated after: 

- Competing 


Crop 

Seeding 

Emergence 

Weeds 

Location 

Bean 

8 


Echinochloa 

crus-galli 

Washington, 

USA 

Bean 


3-5 after 50% 
emergence' 

Mixed 

annuals 

England 

Bean 

3 


Mixed 

annuals 

Chapingo, 

Mexico 

Bean 


4 

Amaranthus 

retroflexus 

Oregon, USA 

Green bean 

4 


Cyperus 

rotundus 

Brazil 

Broad bean 


4 after 50% 
emergence 

Mixed 

annuals 

England 

Beets, red 


4 after 50% 
emergence 

Mixed 

annuals 

England 

Cabbage 


3-4 

Mixed 

annuals 

England 

Cabbage 


4 

Cyperus 

rotundus 

Brazil 

Carrot 


5 

Amaranthus 
retroflexus 
Acnida sp. 
Polygonum 
persicaria 

Wisconsin, 

USA 

Carrot 

3 var. Kuroda: 

5-7 var. Nantes 

Cyperus 

rotundus 

Brazil 

Corn 

3 


Mixed 

annuals 

Veracruz, 

Mexico 

Corn 


4 

Mixed 

annuals 

Mexico City 

Corn 

4 


Mixed 

annuals 

Chapingo, 

Mexico 

Corn 

2-4 


Atriplex 

patula 

Veronica 

persica 

England 
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Table 6.5 ( Continued ) 


Length of Time (weeks) 
Competition is 
Tolerated after: 


Crop 

Seeding 

Emergence 

Competing 

Weeds 

Location 

Com 

4 


Set aria 
viridis 

Ontario, 

Canada 

Com 

6 


Setaria 

faberii 

Illinois, USA 

Com 


6 

Amaranthus 

retroflexus 

Oregon, USA 

Com 


2-3 

Mixed 

annuals 

New Jersey, 
USA 

Com 


8 

Rottboellia 

exaltata 

Rhodesia 

Cotton, 

Winter 


17 

Mixed 

annuals 

Sinaloa, 

Mexico 

Cotton, 

Spring 


9 

Mixed 

annuals 

Sonora, 

Mexico 

Cotton 


8 

Mixed 

annuals 

Alabama, 

USA 

Cotton 

2 


Mixed 

annuals 

India 

Cotton 


2 

Amaranthus 

hybridus 

Nicandra 

physalodes 

Rhodesia 

Cotton 

9 


Mixed 

annuals 

Arizona, USA 

Cotton 


6 

Sida 

spinosa 

Alabama, 

USA 

Cotton 


4 

Cyperus 

esculentus 

California, 

USA 

Cucumber 

5 


Cyperus 

rotundas 

Brazil 

Flax 


2 

Arena fatua 

North Dakota, 
USA 

Flax 


2 

Arena fatua 

Manitoba, 

Canada 

Garlic 

3 


Cyperus 

rotundus 

Brazil 
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Table 6.5 ( Continued ) 


Length of Time (weeks) 

Competition is 
Tolerated after: 

_Competing 


Crop 

Seeding 

Emergence 

Weeds 

Location 

Lettuce 


3 after 50% 
emergence 

Mixed 

annuals 

England 

Oats 

i 


Mixed 

annuals 

New Jersey, 
USA 

Okra 

3 


Cyperus 

rotundus 

Brazil 

Onion 


4 after 50% 
emergence 

Mixed 

annuals 

England 

Onion 


5 

Amaranthus 
retroflexus 
Acnida sp. 
Polygonum 
persicaria 

Wisconsin, 

USA 

Onion 


12 

Amaranthus 

retroflexus 

Kochia 

scop aria 

Annual 

grasses 

Nebraska, 

USA 

Peanut 

6 


Amaranthus 

hybridus 

Digitaria 

sanguinalis 

Oklahoma, 

USA 

Peanut 


4-6 

Cassia 

obtusifolia 

Desmodium 

tortuosum 

Alabama, 

USA 

Peanut 


4 

Cassia 

obtusifolia 

Desmodium 

tortuosum 

Alabama, 

USA 

Potato 

4 


Eleusine 

indica 

Panicum 

repens 

Galinsoga 

parviflora 

Java, 

Indonesia 
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Table 6,5 ( Continued ) 


Length of Time (weeks) 

Competition is 
Tolerated after: 

-- Competing 

Crop Seeding Emergence Weeds Location 





Polygonum 

nepalense 


Potato 

6 


Amaranthus 

retroflexus 

Chenopodium 

album 

Lebanon 

Potato, 

sweet 

3 


Unknown 

West Indies 

Rice, 


3 

Echinochloa 

Arkansas, 

paddy 



crus-galli 

USA 


7-9 


Echinochloa 

Arkansas, 




crus-galli 

USA 



4 

Heteranthera 

Arkansas, 




limosa 

Sesbania 

exaltata 

USA 

Rice, 

6 


Cyperus 

New South 

paddy 



difformis 

Wales, 

Australia 

Rice, 

3 after 


Echinochloa 

Philippines 

paddy 

transplanting 


crus-galli 


Rice, 

4 after 


Echinochloa 

Philippines 

paddy 

transplanting 


crus-galli 


Rice, 


8 

Mixed 

Korea 

upland 



annuals 


Rice, 


6 

Mixed 

Philippines 

upland 



annuals 


Sorghum 

4 


Mixed 

Nebraska, 




annuals 

USA 

Sorghum 

4 


Amaranthus 

Texas, USA 




spp. 


Sorghum 


6 

Acnida 

altissima 

Kansas, USA 

Soybean 

7 


Ipomoea 

Delaware, 




hederacea 

USA 


231 






Table 6.5 ( Continued ) 



Length of Time (weeks) 
Competition is 
Tolerated after: 

Competing 

Weeds 


Crop 

Seeding Emergence 

Location 

Soybean 

4 

Mixed 

annuals 

Illinois, USA 

Soybean 

8-9 

Setaria 

faberii 

Illinois, USA 

Soybean 

4-8 dependent 
upon spacing 

Ipomoea 

purpurea 

Arkansas, 

USA 

Soybean 

2-4 

Cassia 

obtusifolia 

Alabama, 

USA 

Soybean 

6 

Hibiscus 

trionum 

Kansas, USA 

Soybean 

3 

Brassica spp. 

North Dakota, 
USA 

Soybean 

2-4 

Cassia 

obtusifolia 

Alabama, 

USA 

Sugarbeet 

12 

Echinochloa 

crus-galli 

Washington, 

USA 

Sugarbeet 

4 

Kochia 
sc op aria 

Colorado, 

USA 

Sugarcane 

4 

Sorghum 

halepense 

Argentina 

Sugarcane 

8 

Mixed 

annuals 

Argentina 

Sunflower 

4 

Mixed 

annuals 

Georgia, USA 

Tomato 

3 after 

transplanting 

Cyperus 

rotundus 

Brazil 

Tomato 

4 after 

transplanting 

Unknown 

West Indies 

Wheat, 

spring 

2 

Arena fatua 

Manitoba, 

Canada 

Wheat, 

spring 

4-5 

Arena fatua 

England 

Wheat, 

winter 

22 (Oct.- 
March) 

Bromus 

tectorum 

Oregon, USA 

Yams 

12 

Unknown 

West Indies 


Source: Zimdahl (1980). Reproduced by permission of the International Plant Protection Cen¬ 
ter, Corvallis, OR. 
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a period in the life cycle of many crops where little interference with weeds 
occurs, followed by a period of significant competition which results in yield 
losses. 

In the other method of study reported by Zimdahl (1980) the crop is kept 
weedfree for various amounts of time following planting. Thereafter, the 
crop and any subsequent weeds are allowed to exist in combination until 
crop harvest. Results from studies utilizing this method are presented in 
Table 6.6. Although the weedfree period varied from crop to crop, in all 
cases several weeks of weed absence were necessary after emergence to 
prevent yield losses from occurring. Following this initial weedfree period, 
the presence of weeds had no effect on final crop yields. 

Some discrepancies in the data of Tables 6.5 and 6.6 for the same crop are 
apparent. However, such discrepancies are understandable considering the 
wide range of locations and sources of this information. The important point 
here is that many crops have periods when weeds may be tolerated (Table 

6.5) as well as periods when weed control is apparently mandatory (Table 

6.6) to avoid crop losses. Clearly, one must consider each crop and weed 
situation separately to determine when weeds may or may not be tolerated. 
As we have seen in earlier chapters, competition is determined by the 
species involved, the total density of the stand, the relative proportions of 
the species in mixture, and their distribution over the site. In an experimen¬ 
tal situation such factors generally are under the control of the scientist, and 
must be assessed in order to understand the outcome of competition. 

If the specific weed and crop experimental associations listed in Tables 
6.5 and 6.6 are compared, an apparent critical time of competition can be 
determined for certain crop/weed associations. This time period usually be¬ 
gins at 3-6 weeks after weed and crop emergence and continues for approxi¬ 
mately 3 weeks (Table 6.7). As seen in Figure 6.10 the initial weedfree 
period up to point I (3-6 weeks in Table 6.7) results in crop dominance 
which diminishes any subsequent competition effects by weeds on crop 
yields. If weeds are not controlled, a period of increasing interference be¬ 
tween weed and crop plants follows after emergence. Early in the life cycle 
both weed and crop seedlings are far enough apart such that no interaction 
occurs, but eventually interference between the species develops. How¬ 
ever, the actual cause of yield reduction may not be manifest until relatively 
late in the growing season. For example, canopies of both weed and crop 
species would be developing continuously following emergence, but they 
may not overlap until much later, perhaps 6-9 weeks after emergence. Once 
the canopy of the weed is superimposed upon that of the crop, 
a loss of crop productivity will probably result throughout the rest of the 
season. Extrapolation from Table 6.7 and Figure 6.10 suggests a “critical 
period” of time (I to II) during which control measures are necessary’ in order 



Table 6.6 Weedfree Period Required to Prevent Crop Yield Reduction 



Weedfree Period (weeks) 
Required after: 

Competing 

Weeds 

Crop 

Seeding Emergence 

Bean 

5 

Mixed 

annuals 

Bean, 

1-1.5 after 50% 

Mixed 

broad 

emergence 

annuals 

Bean, 

1-1.5 

Unknown 

dwarf 



Beet, red 

2-4 

Mixed 

annuals 

Cabbage 

2 

Mixed 

annuals 

Com 

9 

Mixed 

annuals 

Com 

5 

Mixed 

annuals 

Com 

3 

Setaria 

faberii 

Cotton 

6 

Mixed 

annuals 

Cotton, 

4 

Mixed 

spring 


annuals 

Lettuce 

3 after 50% 

Mixed 


emergence 

annuals 

Peanut 

3 

Amaranthus 

hyhridus 

Digitaria 

sanguinalis 

Peanut 

10 

Cassia 

obtusifolia 

Desmodium 

tortuosum 

Peanut 

8 

Cassia 

obtusifolia 

Desinodium 

tortuosum 

Potato 

9 

Amaranthus 

retroflexus 


Location 

Washington, 

USA 

England 

West Indies 

England 

England 

Mexico City 

Veracruz, 

Mexico 

Illinois, 

USA 

Alabama, 

USA 

Sonora, 

Mexico 

England 

Oklahoma, 

USA 

Alabama, 

USA 

Alabama, 

USA 

Lebanon 
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Table 6.6 ( Continued ) 



Weedfree Period (weeks) 
Required after: 

Competing 


Crop 



Seeding Emergence 

Weeds 

Location 



Chenopodium 

album 


Rice, 

6 after 

Echinochloa 

Philippines 

paddy 

transplanting 

crus-galli 

Rice, 

3 

Mixed 

India 

upland 


annuals and 
sedges 


Sorghum 

3 

Mixed 

Nebraska, 



annuals 

USA 

Sorghum 

4 

Mixed 

Nebraska, 



annuals 

USA 

Soybean 

4 

Ipomoea 

Delaware, 



purpurea 

Digitaria 

sanguinalis 

USA 

Soybean 

2 

Amaranthus 

Delaware, 



retroflexus 

USA 

Soybean 

3 

Setaria 

Illinois, 



faberii 

USA 

Soybean 

4 

Xanthium 

Mississippi, 



pensylvani- 

USA 



cum 


Soybean 

6 

Ipomoea 

Arkansas, 



purpurea 

USA 

Soybean 

3-6 

Hibiscus 

Kansas, 



trionum 

Abutilon 

USA 



theophrasti 

Sida spinosa 


Soybean 

6 

Amaranthus 

Nebraska, 



hybridus 

Acnida 

USA 



altissima 

Setaria 

viridis 


Soybean 

4 

Sorghum 

Kansas, 



bicolor 

USA 
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Table 6.6 ( Continued ) 



Weedfree Period (weeks) 
Required after: 

Competing 

Weeds 


Crop 

Seeding 

Emergence 

Location 

Sugarbeet 


6 

Kochia 

scoparia 

Colorado, 

USA 

Sugarbeet 

10 


Echinochloa 

crus-galli 

Chenopodium 

album 

Washington, 

USA 

Sunflower 

4-6 


Mixed 

annuals 

Georgia, 

USA 

Wheat, 

winter 

2 


Bromus 

tectorum 

Nebraska, 

USA 


Source: Zimdahl (1980). Reproduced by permission of the International Plant Protection Cen¬ 
ter, Corvallis, OR. 


Table 6.7 Crops with an Apparent Criti¬ 
cal Period for Weed Competi¬ 
tion 


Crop 

Weedfree 
Period 
Required (I) 
(weeks) 

Length of 
Competition 
Tolerated (II) 
(weeks) 

Bean 

5 

8 

Corn 

3 

6 

Cotton 

6 

8 

Peanut 

4 

8 


3 

6 

Potato 

6 

9 

Rice, paddy 

3 

6 

Soybean 

3 

8-9 


Note: I and II refer to points of time or crop devel¬ 
opment indicated in Figure 6.10. 

Source: Zimdahl (1980). Reproduced by permission 
of the International Plant Protection Center, Corval¬ 
lis, OR. 
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Figure 6.10 Diagram depicting an apparent critical period for weed control. If 
weeds are absent up to point I, crop dominance is established and yield losses 
do not result, even though weeds may subsequently be present. If weeds are 
present following crop emergence, increasing interference occurs among crop 
and weed seedlings. Between points I and II, weeds must be removed or sup¬ 
pressed to avoid some measure of crop loss at harvest. 


to avoid continuing interference between the crop and weed. Weed removal 
anytime up to the end of the critical period for control, during which crop 
dominance is established, would result in no significant crop reduction. 
Weed control after the critical time would result in yield loss to the crop but 
not as much as would season-long association with the weeds. 

Zimdahl (1980) points out that the concept of a critical period for weed 
control has been challenged for a number of crops. In these cases, either the 
crops were susceptible to weed competition for most of the growing season 
(Hewson and Roberts, 1973), or a single weeding at an intermediate point 
was sufficient to prevent yield reduction (Hewson et al., 1973; Roberts et al., 
1976, 1977). It also is apparent that critical periods, if they exist, can be 
determined only for individual weed/crop associations. The data in Tables 
6.5 and 6.6 for soybean and giant foxtail (Setaria faberii) and soybean and tall 
morningglory (Ipomoea purpurea ) illustrate this point. The critical period 
hypothesis is supported by the soybean/giant foxtail association but not by 
that of soybean/tall morningglory. In contrast to giant foxtail, tall morning- 
glory apparently is so competitive to soybean that its establishment cannot 
be tolerated in that crop. In the soybean/tall morningglory association either 
a critical period does not exist or it is too short a time to be readily obvious. 

The complication of environmental changes that can occur from growing 
season to growing season also must not be overlooked, because environmen¬ 
tal conditions may affect germination and growth rate of the weed and crop 
differentially. In other words, although the environment would be the same 
for both weed and crop, the relative ability of the species to respond to it 
may not be identical. Thus differences in either environmental conditions or 
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the availability of resources from one year to the next could affect the length 
of the critical period when weeds would need to be controlled. 

It seems appropriate to consider time in relation to weed control as two 
phases, as Dawson (1970) has done; one occurs alter emergence when com¬ 
petition does not exist, and another occurs later in the growing season when 
interaction is likely between weeds and crops. In the first phase, there is 
little value in weed removal from the standpoint of yield reduction, since the 
plants are not big enough to interact with the crop. However, in many 
situations weed control during this early time period may be most feasible, 
for reasons of convenience and economics, to establish crop dominance early 
and reduce potential weed impacts. During the later phase, crop yields are 
reduced if the weeds are allowed to coexist with the crop beyond a certain 
point. The critical period during which competition occurs and crop yield 
reductions result may be a certain number of weeks after emergence, as 
suggested in Table 6.7. However, it is more likely that this critical period 
relates to particular stages of crop and weed development which are relative 
to one another. Weed removal before that particular stage of development of 
crop or weed, the critical period for control, is necessary in order to avoid 
reductions in crop yield. 


WEED THRESHOLDS AND MANAGEMENT 

Weed control is recognized as an essential component of almost every 
crop production system because crop yields are affected so markedly by 
weed presence. However, factors in crop production other than direct yield 
losses also are affected by weeds, that is, crop quality, ease of harvest, and 
populations of other pests or beneficial organisms. Often the impacts of 
weeds on one of these other factors of crop production are so significant that 
weed control is accomplished solely for that factor. For example, crop qual¬ 
ity standards in some vegetable or seed crops may be sufficiently high that 
very few, if any, weeds can be tolerated in those crops. Much of weed 
science is directed toward the control, suppression, or eradication of weedy 
vegetation in crops. However, weed management requires that an assess¬ 
ment of possible or real damage from weeds be made prior to weed control. 
Thus the concept of an economic or action threshold for weeds is central to 
weed management. 

The concept of thresholds is basic to most pest management programs. 
Glass (1975) defined an economic threshold as the pest population density, 
or damage level, at which control measures should be taken to prevent an 
economic injury level from being attained. This definition implies that the 
cost of control is less than the loss that would have occurred had nothing 
been done. The establishment of an economic threshold necessarily includes 
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prediction of direct effects on crop yields or other forms of economic loss due 
to pest (weed) association. Norris (1982) notes that the concept of an action 
(economic) threshold is basic to many insect and some disease management 
programs, but that the concept is not widely employed for weed control. He 
points out that weed densities much lower than those usually found in 
agricultural fields often can result in significant economic loss to a crop. Thus 
in many cropping systems the apparent economic or action threshold indi¬ 
cates such an overwhelming need for weed control that thresholds or accept¬ 
able levels of weeds may have been derived intuitively. Nevertheless, the 
development of weed/crop models based on threshold levels of weeds which 
reflect yield or other forms of economic loss would be a valuable weed 
management tool. Norris and Fick (1981) have outlined several cropping 
systems in which the development of weed/crop models would be useful to 
predict yield improvement or economic gains from weed management. Sev¬ 
eral approaches and preliminary models have been presented (Norris and 
Fick, 1981). 

Although the threshold concept is fundamental to any weed/crop model, 
several factors should be considered as such models are developed for weed 
management. 


1. Most threshold values in other pest management disciplines refer to 
the numbers of individuals (density) per unit of area, per plant, or per 
capture device. Since weeds usually germinate in large numbers, 
difficulties in counting can be encountered. Furthermore, plasticity 
and mortality of weeds result in continual change in plant size and 
density during the growing season. Thus the number of individuals 
may be less useful than other parameters of plant development in 
assessing weed impacts. Perennial weeds present a special problem, 
since many individual ramets actually may comprise a single genetic 
unit. 

2. The adjustments in plant size that occur with changes in weed den¬ 
sity suggest that given enough time, weeds can be highly competitive 
even at low densities. Interference occurs when root systems or 
canopies begin to impinge and is dependent on plant size, spatial 
arrangement, and species proportion. Thus the time when interfer¬ 
ence will occur is not necessarily predictable simply from measure¬ 
ments of density. 

3. The seed bank of weeds in agricultural land is large and made up of 
many species. Most weed seeds also exhibit some form of dormancy 
in the soil. These factors combine to make the seed bank a rather 
constant feature of agricultural systems and to make the prediction 
of future weed seedling populations potentially possible (see Chap- 
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ter 3). Therefore, the seed bank as well as the above ground vegeta¬ 
tion should be considered when assessing weed abundance. 

4. Most weed communities are a mixture of species. Predictions of in¬ 
terference within one weed species/crop combination may not be 
directly applicable to predictions of crop response to the entire weed 
complex. However, there is some evidence that suggests a degree of 
equivalency among weed species potentially present in a cropping 
system (Picket and Bazzaz, 1978; Roush and Radosevich, 1983). .In¬ 
formation concerning possible equivalency or hierarchies among 
weeds would assist in the development of predictive models. 

5. Most cropping systems involve some form of crop rotation. Threshold 
values of weeds determined for one crop in the rotation may impact 
that of a subsequent crop. For example, surviving weeds in one crop 
which had little impact on crop yield may produce abundant seeds 
which germinate later and seriously affect a different crop in the 
rotation. 

6. Threshold values may have to be adjusted when other criteria besides 
crop loss are used to measure economic effects of weeds. These crite¬ 
ria include, but are not limited to, crop quality, harvesting ease, and 
impacts on other pests or beneficial organisms. 

It is clear that in order to determine economic or action thresholds of 
weeds some method(s) of population measurement and prediction are neces¬ 
sary. Single measurements of weed density probably will not suffice to 
reflect weed impacts adequately. More comprehensive determinations of 
plant density, plant size, and vegetative allocation patterns of both weeds 
and crops as they grow together will be necessary. In addition, the impacts 
of weed reproductive output and seed dormancy in relation to crop rota¬ 
tional patterns must be considered when developing these models. It also is 
apparent that we know too little about the interactions among weeds, other 
organisms, and crops, or the potential positive impacts of weeds. In order 
that to manage our agricultural lands most effectively weed control must 
extend far beyond the immediacy of removing undesired vegetation. The 
development of weed thresholds based on information about the biology of 
the species involved would be extremely valuable for making informed weed 
control decisions in most cropping systems. 


SUMMARY 


Weed control practices affect the weed/crop community by reducing the 
total plant density and by altering the species composition. The objective of 
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such manipulation is to shift community dominance toward a single species, 
the crop. Weed control, in addition to causing density reduction, also can 
affect the remaining weed component of the agricultural community. The 
most common effect is a shift in species distribution. Long-term studies in 
Denmark and other western European countries documented shifts in weed 
species composition in many cropping situations that have occurred because 
of changes in cultural practices. Herbicides are a particularly selective tool 
for controlling weeds, and for that reason numerous situations have been 
found in which weed species tolerant to a herbicide have been favored over 
those that are susceptible. 

Herbicide resistance occurs for a number of weed species. However, 
resistance appears to be restricted to the triazine class of herbicides. Several 
reasons were given for the lack of widespread herbicide resistance in weeds, 
including a cost to fitness that has been found to exist among atrazine- 
resistant weed biotypes in comparison with their susceptible counterparts of 
the same species. The implication of herbicide resistance to evolution was 
discussed and several possible ways to delay the occurrence of herbicide 
resistance were suggested. 

The various communities of weeds and crops must be viewed as highly 
dynamic organizations of species, each species achieving success via differ¬ 
ent tactics or combinations of physiological and ecological strategies. Abso¬ 
lute competitive hierarchies of crop and weed species probably do not exist. 
Rather, competitive advantage is based on germination and growth charac¬ 
teristics and ultimately density responses of individual species. Pickett and 
Bazzaz (1978) demonstrated that a range of tactics for interspecific competi¬ 
tion exists within the agricultural plant community. These tactics range from 
dominance, displacement to only relative superiority, to suppression. In the 
field, maximum competitive advantage occurs when a plant establishes be¬ 
fore or grows faster than its neighbors. 

The hypothesis of a critical period for weed control was examined. Al¬ 
though the evidence is not definitive, it appears that, at least for some crops, 
a critical period of time exists during which weed control is necessary to 
avoid crop losses. However, this period should be viewed as a stage of 
development of the crop relative to the weed, rather than as a definite 
period of time. The basic relationships between germination, growth, and 
interference must be determined for specific weed/crop combinations in 
order for weed thresholds, times of suppression, and economic impact of 
weeds to be predicted with certainty. This constitutes a formidable chal¬ 
lenge to weed scientists, for it is through systematic prediction of weed 
species occurrence that appropriate control measures can be recommended 
and potential crop impacts assessed. 
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Arctostaphylos patufa 40 
species, 40, 50 
Arrowhead, 57 


Asclepiadaceae, 81 
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Bearmat, 47 
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Bentgrass, 171 
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Berteroa incana y 222 
Be tula, 40 
Bidens frondosa, 55 
Biennials, 6 
Bigleaf maple, 40, 50 
Birdsfoot trefoil, 154 
Blackgrass, 86, 204 
Black walnut, 119 
Boraginaceae, 57 
Brassica , 148, 205 
Broad-leaved plantain, 103 
Bromus secalinus , 21 
Bromus tectorum, 44, 45, 103 
Broomrape, 122 
Buckhorn plantain, 103 
Bulbous buttercup, 48, 50 
Bulbs, 48, 50, 51 
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Camelina sativa , 3, 4, 21, 222 
Canada thistle, 39, 49, 50, 52, 54, 55, 56 
Capsella bursa-pastoris , 81, 103 
Carbon dioxide, competition for, 154 
Cardaria draba , 49 
Castanopsis sempervirens , 47 
Ceanothus, 40, 50 
Cenchrus pauciflorus , 55 
Centaurea solstitialis , 54, 55 
Chamaebatia foliolosa, 47 
Chamaenerion angustifolium, 22 
Chenopodiaceae, 64 

Chenopodium album, 21, 64, 65, 75, 101, 
153,167,171, 181, 197, 224, 225 
Chess, 21 
Chickweed, 181 
Chinquapin, 47 

Chrysanthemum morifolium, 120 
Cirsium arvensis , 39, 49, 50, 52, 54, 55, 56 
Cocklebur, 55, 64 
Coltsfoot, 39 
Commensalism, 126, 127 
Common cocklebur, 163, 164 
Common groundsel, 81, 205, 206, 219 
Common lambs quarters, 21, 64, 65, 75, 
101, 153, 167, 171,181,197,224, 
225 

Common ragweed, 33, 224 
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agricultural, 12, 195, 224, 226, 227 
climax, 15 
definition of, 10 
distribution, 12 
Compensation point: 

C0 2 , 148, 154 
light, 144 
Competition: 

C 3 vs. C 4 , 148, 153, 154, 167 

critical period, 227, 233, 237, 238 

definition of, 97 

effect of density, see Density 

measurement of, 113 

methods of study: 

additive designs, 106, 107 
substitutive designs, 108-111 
systematic designs, 111, 112, 113 
models of: 

crop loss, 115, 116, 117 
theoretical, 113, 114, 115 
weed management, 225, 226, 227,233, 
237-240 


resources, see individual resources 
species ranking, 222-225, 240 
Competitive ruderals, 32, 33, 39 
Competitors, 27, 39, 41 
Compositae, 3, 6, 46, 54, 57, 64 
Conringia orientalis, 57 
Convolvulus arvensi3 ; 50, 52, 181 
Conyza canadensis, 103 
Conns, 48, 50 
Corn, 153, 170, 171, 183 
Corncockle, 21, 22, 59 
Corn spurry, 75 
Cotton, 183, 184 
Crabgrass, 23, 47, 57, 170 
Crimson clover, i86 
Crop mimics: 
definition of, 3 
examples of, 3, 4, 59 
Crops: 

competitive ruderals, 33 
major families of, 3 
Cruciferae, 64 
Curly dock, 55, 57 
Cuscuta campestris , 123 
Cuscuta gronovii, 123 
Cuscuta species, 59, 60, 122, 123 
Cuscutaceae, 122 
Cynodon dactylon , 47, 48, 52, 57 
Cyperaceae , 6 
Cyperus: 
esculentus , 47 
rotundas, 47, 48, 50 

Dactylis glomerata , 226 
Dandelion, 23, 50, 54, 55, 56 
Darnel, 21, 22 

Demography, 86-89, 226, 227 
Density: 

definition of, 97, 98 
effect on: 

growth, see Plasticity 
mortality, 102, 103, 105, 239 
reproduction, 102, 103, 105 
interaction with resources, 175, 176 
size distribution, see Space capture 
Dichondra, 48 
Dichondra repens , 48 
Digitaria sanguinalis, 23, 47, 57, 170 
Dispersal: 
definition of, 53 
spatial: 
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by animals, 57, 58 
as fronts, 53, 54 
by humans, 58, 59, 60 
by water, 56, 57 
by wind, 54, 56 
temporal, see Dormancy 
Disturbance, 27, 31, 33, 39, 51, 52 
Dodder, 59, 60, 122, 123 
Domesticates, 23 
Dormancy: 
breaking, 68, 69 
definition of, 60, 62 
enforced, 66 
induced, 66, 67, 68 
innate, 63, 64 

seasonal vs. opportunistic, 62, 63 
Downy brome, 44, 45, 103 

Echinochloa crus-galli, 3, 5, 59, 81, 148, 
153, 170, 171, 176,225 
Ecosystem: 
agricultural, 15 
definition of, 195 
Eichomia erassipes, 57 
Elodea, 51 

Elodea canadensis, 51 
Emergence, see Gennination 
Environment: 

carrying capacity, 13, 14, 25 
conditions, 95, 139, 140 
macroenvironment, 9, 10 
microenvironment, 9, 10 
resources: 

allocation of, 24 

competition for, see individual resources 
definition of, 139, 140 
light, see Light 

limitations of, 13, 14, 95, 237, 238 
Eragrostis cilianensis, 57 
Erodium cicutarium , 55 
species, 84 
Euphorbia esula , 49 
Evolution: 

agricultural practices on, 21, 22, 23, 219, 

221 

patterns of development, 24-31 
strategies of, see Selection 
weed, 20-24, 219, 221 

Field bindweed, 50, 52, 181 
Field dodder, 123 


Filaree, 84 
Fire, 52 

Five-hooked bassia, 55 
Flax, 3, 4 

Fragmentation, 50 

Galinsoga parviflora, 22 
Gallant soldier, 22 

Gause’s competitive exclusion principle, 

14,15,16,97 
Genet, 47 
Germination: 
definition of, 68 
emergence: 
patterns of, 81 

sequence of, 101, 102, 226, 227 
requirements for: 
light, 69, 70, 72, 73 
moisture, 66, 68 
oxygen, 66, 68 
phytochrome, 70, 72 
safe site, 82-85 
Giant foxtail, 223, 224, 237 
Goldenrod, 47 
Gramineae, 3, 46, 57, 64, 81 
Greenleaf manzanita, 40 
Growth: 
analysis: 

description of, 178-181 
examples of, 183, 184 
mixtures, 186, 188, 189, 190 
relative growth rate, 178-181, 226, 227 
weeds, 181, 206 
definition of, 93, 176, 177, 178 
density effects on, see Plasticity 
parameters of, 180 
Hard seed, 66 
Haresear mustars, 57 
Haustorium, 123 
Helianthus tuberosus, 47 
Hemp sesbania, 184 
Henbit, 23 
Herbicides: 

effects on weeds, 199, 203, 204, 205 
resistance: 

definition of, 205 
evolution, 219, 221 
physiological basis, 219 
triazine, 206, 219, 221, 222 
Holcus lanatus, 181 
Hypericum perforatum , 57 
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Impatiens parviflora, 186, 188, 189 
species, 123 

Integrated pest management, 132, 133 
Intercropping, 112, 113, 127-131 
Interference: 
definition of, 95 
negative, 95, 96, 97 
neighbors, 96, 226, 227 
positive, 125, 126, 135 
types of, 94 

Ipomoea purpurea , 145, 237 
Italian ryegrass, 171, 173 
Itchgrass, 183 

Jerusalem artichoke, 47 
Johnsongrass, 39, 47, 48, 85 
Juglans nigra , 119 

Ladino clover, 171 
Lamium amplexicaule, 23 
Land equivalent ratio, 129, 130 
Large-seeded false flax, 3, 4, 21, 222 
Law of constant final yield, 98, 108 
Leaf area index, 144, 145, 147 
Leafy spurge, 49 
Leguminosae, 81 
Light: 

canopy development, 144, 145, 147 
competition for, 141, 144, 145, 147, 183, 
184,186 

Lithocarpus densiflora , 40, 50 
Logistic equation, 13, 14, 24 
Lolium multiflorum , 33, 171, 173 
Lolium temulentum , 21, 22 
Loranthaceae, 122 
Lotus comiculatus , 154 

Matricaria matricarioides , 199 
Meadow salsify, 54, 55 
Medusahead, 57 
Mistletoe, 122 
Mortality, see Densitv 
Mustard, 148, 205 
Mutualism, 133, 134, 135 
Mycorrhizal associations, 133 

Neighbors, see Interference 
Nelder design, 111, 112 
Niche: 

competition avoidance, 13, 14, 15, 222, 
223,224 


definition of, 13 
Nightshade, 205 
Nitrogen fixation, 134 
Nitrophile, 83, 199 
Nutrients: 

competition for, 169, 170, 171, 173, 

188, 189,190 " 

interaction with other resources, 175, 176 
luxury consumption of, 173 
macronutrients, 167 
micronutrients, 167 

Orchardgrass, 226 
Orobanchaceae, 122 
Orobanche, 122 
Orthocarpus , 123 
Oxford ragwort, 22 

Papaver , 74 
Pappus, 54 
Parasitic weeds: 

adaptations, 122, 123 
physiological characteristics, 123,124,125 
Parasitism, 122 

Pennsylvania smartweed, 33, 224 
Perennials: 

definition of, 6 

reproduction, see Reproduction 
Phoradendron , 122, 123 
Photorespiration, 148 
Photosynthesis: 
canopy, 144 
mechanism of: 

dark reactions, 141, 143, 147, 148 
equation, 140 
light reactions, 141, 142 
single leaf, 144 
triazine resistance, 221 
Physalis subglabrata , 80 
Pineapple weed, 199 
Plantago lanceolata , 103 
Plantago major , 103 
species, 84 
Plantain, 84 

Plasticity, 98, 99, 103, 105, 239 
Poa annua , 181 

Polygonum pennsylvanicum , 33, 224 

Poppy, 74 

Population: 

definition of, 10 

rate of growth, 13, 14, 24, 25 
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Populus , 40 
Portulaca oleracea , 50 
Potato, 205 
Prickly sida, 154 
Protocooperation: 
other organisms, 132, 133 
among plants, 127-131 
Purple nutsedge, 47, 48, 50 
Purslane, 50 

Quackgrass, 39, 47, 48, 186, 188, 189 
Ramet, 47, 85 

Ranunculus bulbosus , 48, 50 
Raphanus raphanistrum , 204 
Redroot pigweed, 80, 99, 148, 153, 154, 
167,170, 184,205,206, 219, 223, 
224, 225 

Red-stem filaree, 55 
Relative crowding coefficient, 110 
Relative growth rate, see Growth, analysis 
Relative yield, 110 
Relative yield total, 110, 129 
Replacement series, 108, 109, 111 
Reproduction: 
sexual- 

genetics, 43, 44, 45 
ploidy, 46, 47 
vegetative: 

advantages of, 52, 53 
bud reserve, 50, 51 
occurrence of, 51, 52 
types of, 47-50 
Resource allocation, 24, 25 
Rhizomes, 47, 48, 50, 51 
Rice, 58, 59, 176 
Roots: 

distribution, 156, 158, 159 
function, 155 
types of, 49, 50 
Rosebay willowherb, 22 
Rose clover, 186 
RottboeUia exaltata, 183 
Rubus , 40, 50 
Ruderals, 27, 39 
Rumex acetosella, 49, 199 
Rumex crispus , 55, 57 
Ryegrass, 33, 171, 173 

Safe site, see Germination, safesite 
Sagittaria , 57 


St. Johnswort, 57 

Sandbur, 55 

Satellite weeds, 3 

Scrophulariaceae, 122 

Seed bank, see Seeds, soil reserve 

Seedling mortality, 84, 85 

Seeds: 

appendages, 54—57, 84 
dispersal, see Dispersal 
germination, see Germination 
longevity, 75, 79, 80 

soil reserve, 73, 74, 79, 80, 226, 239, 240 
storage, 75 
Selection: 

C, S, and R, 26-33, 39, 40, 41 
rand K, 24,25,26 
Senecio squalidis, 22 
Senecio sylvaticus, 103 
Senecio viscosus , 103 
Senecio vulgaris, 81, 205, 206, 219 
Sesbania exaltata, 184 
Setaria faberii, 223, 224, 237 
Setaria lutescens y 199 
Sheep sorrel, 49, 199 
Shepherdspurse, 81, 103 
Sida spinosa, 154 
Silene anglica, 103 
Smooth groundcherry, 80 
Solanaceae, 205 
Solanum , 205 
Solidago, 47 

Somatic polymorphism, 64, 65 
Sorghum halepense , 39, 47, 48, 85 
Soybean, 145, 147, 163, 164, 183 
Space, 95, 96 

Space capture, 99-102, 105, 226, 227 

Species, 10 

Spergula arvensis, 75 

Spurred anoda, 184 

Stellaria media, 181 

Stems, 48, 50 

Sticky groundsel, 103 

Stinkgrass, 57 

Stolons, 47, 48 

Stomatal control, 162, 164, 167 
Stomates, 161, 162 
Stress, 27, 31 

Stress-tolerant competitors, 32, 39, 40, 41 
Stress tolerators, 27, 41 
Striga asiatica , 123 
species, 122, 123 
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Subterranean clover, 141, 186 
Succession: 

definition of, 15, 16 
models of, 17, 18, 19 
old-field, 19, 69 

pertinence to agriculture, 19, 20 
primary, 15 
role of seed bank, 74 
secondary, 15, 19, 39, 40 
stages in, 15 

Sugarbeet, 48, 101, 153, 197 
Symbiosis, see Mutualism 

Taeniatherum asperum , 57 
Tall morning glory, 145, 237 
Tanbark oak, 40, 50 
Taraxacum officinale , 23, 50, 54, 55, 56 
Tomato, 205 

Tragopogon pratensis , 54, 55 
Transpiration, 161 
Trap crops, 123 
Trifolium hirtum , 186 
Trifolium incamatum , 186 
Trifolium repens , 66 
Trifolium subterranean, 141, 186 
Tubers, 47, 48, 50, 51 
Tussilago farfara, 39 

Umbelliferae, 81 

Vegetation type, 10 
Velvetgrass, 181 
Velvetleaf, 33, 80, 184 
Viscum, 122 

Water: 

competition for: 

example of, 163, 164, 188, 189, 190, 
222,223,224 

physiological basis, 159-164 
root development, 155, 156, 158, 159 
resource, 154 
Water hyacinth, 51 
Water potential: 
definition, 160, 161 
measurement of, 162, 163 
Water stress, see Water, competition for 
Water use efficiency, 167 
Weed management: 
chemical, 203, 204, 205 


critical period, 197, 198, 227, 233, 
237 

cultural, 85, 86 
effect on crops, 196, 197 
effect on weeds: 
life form, 198 

species composition, 199, 203, 204, 
205 

general, 195, 196 
herbicide resistance, 222 
mechanical, 196 

models of, 87, 88, 89, 227, 233, 237, 
239,240 

'relation to seed bank, 105 
Weed-free period, see Competition, 
critical period 
Weeds: 
aquatic, 7, 51 
biotypes, 206, 219, 221 
characteristics of, 1, 2, 7, 8, 

33-38 

classification of: 
by adaptation, 7, 8 
by life history, 6, 7, 31 
definition of, 1, 2, 8, 23 
distribution of, 3 
ecotypes, 22 
genotypes, 8, 44 
major families of, 4 
parasitic, see Parasitic weeds 
prediction of, 86-89, 225, 226, 227, 
240 

synonyms, 19 
threshold levels: 

concept, 238, 239 
woody, 6, 40, 41 
Western yarrow, 49 
Wheat, 148, 156, 171, 176 
White clover, 66 
Whitetop, 49 
Wild garlic, 50 

Wild oat, 3, 5, 21, 55, 85, 87, 89, 148, 
156, 199, 204 
Wild onion, 48 
Wild plants, 23 
Wild radish, 204 
Witchweed, 122, 123 
Woodland groundsel, 103 

Xanthium canadense , 55 



INDEX 


265 


Xanthium pennsylvanicum, 163, 164 
species, 64 

Xylem potential, see Water potential 


Yellow foxtail, 199 
Yellow nutsedge, 47 
Yellow starthistle, 54, 55 
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